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ABSTRACT 

Heat treatment, three fungicides (Dexon, Metazoloxon, 
and Dowco 269), and plant breeding methods were compared for 
effectiveness in the control of a pathogen that attacks the 
reots of alfalfa ( Medicago media Pers.). Of eleven growth 
room tests, eight were used to investigate physical and 
chemical methods of control and three to evaluate plants 
selected for resistance and susceptibility to aifaifa 
sickness. The mean height and disease rating per pot was 
determined as well as the total yield of plant dry matter 
per pot. Five field tests were conducted on an experimental 
area at Spruce Grove, Alberta where height, performance 
rating, and yield were recorded on the basis of single row 
fFlots. Disease rating was recorded as a plct mean. 

Alfalfa sickness is caused by a pythiaceous fungus 
which will infect alfaifa seedlings at the root tips, 
lateral nencambial roots, and nodules. Browning and 
lesicning of the root tissue results leading to restricted 
growth and to shorter, lower yielding plants. 

Pasteurization of sick soil provided an effective means 
cof controlling alfalfa sickness in the growth room. Height 
was consistently increased while disease rating and yield 
were improved. 

Fertility level, pH, and soil moisture content were 
shown not to be casuative agents of alfalfa sickness. 


Dexon did not control alfalfa sickness, however 
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Metazoloxon and Dowco 269 did. Dowco 269 was much more 
effective than Metazoloxon, and may have a place in the 
ccmmercial control of alfalfa sickness. 

Alfalfa plants were selected for 2 cycles from within 
locally adapted cultivars and compared in two diallel 
crossing systems. Genotypic variability for resistance and 
susceptibility to the disease was evident from the high 
broad sense heritabilities. Low narrow sense heritability 
estimates suggested consecutive cycles of recurrent 
selection with well-replicated progeny tests would be 
necessary to breed high levels of resistance to the disease. 

Selection progress was slow indicating that many genes 
May control the inheritance of resistance and susceptibility 
to alfalfa sickness. Recurrent phenotypic selection in the 
growth room was effective since increased levels of 
resistance were obtained and no change, in agronomic 
characters for which selection was not made, was epaeread 

Genetic variation was mostly due to nonadditive gene 
action in the diallel cress which tested plants selected for 
susceptibility since the specific combining ability (SCA) 
variance was larger than the general combining ability (GCA) 
variance. In the diallel cross which ccmpared resistant 
genotypes, genetic variability was due to additive gene 
action since the GCA variance was larger than the SCA 


variance. 


ox6m done ow ews oaeott all mas 
| 3 ak -worka a Uvod” “Yom fies Per 

spl eae 
bbw nost wba S AdE Nad aaksn: eres: a 
feller ovo: ah itagwod~ alts wives tind ‘ 
bits dice tellin eda tov Stayreden j ; 
Metd airy cork toetkey new pate eb, ae, ye | 
Ubi biadiged epise, MoTpE 4: TOT ae ts bidet san “ si 
tomy eues 30, eek (i av LtuDeH ORD" I ernie 
“t anes alerh - wiego sy Dato k hes i! Ww 


veRAGRLD Ode OF eraoketagih 26. absvol ry oe 
ene, Paper ais ouarestie & VOL. Sows) ‘ae 
(stLidiaaoyad Mae oteedpiass. So ply: 23 
we gh aoa 259 par) ohpglpiaeits. | C ts 
to Ghee bepsayous aon cer 
Cano eies. dy.) (aenRee oa! Bis: 
_- MaceReaite ae vai sou eae ery ibe i ” 
eter ove $4 5b6n0 or sed retSanl ae imenenany bana ey 
' Med As gemmbens stile bate tondw wana! totbeit: eae at woke | | 
(hey wine on taeaeon peseorae. ees pouthe Wtehith, a] on 
| (ae) pee b ib! Be bo dtana’ Hegoaay sag eedy soeant enw been ie. 
ERTS TNAD,. HOLATHAD . dotae aoa. igi leEp: es ay soonetaey a 
er av dpe Oy vit ae ehfune vee QhPsnap aeqyrouse " 
WIR eae ee tey2e sae ae wes, hal anale aobs98 


3 “> Dae bem 


i eG 
, Paty oe a) 


ACKNOWLEDGEMENTS 

I would like to express my feelings of gratitude to 
those persons directly involved in helping me strive for 
completion of this thesis and my degree. 

I extend deep thanks to my wife, Carolyn, who was 
patient, understanding, and offered encouragement during the 
midst of my studying and writing. 

A fine friend, Dr. Bolton, provided me with invaiuable 
advice and assistance in carrying out this project. I would 
like to mention that Dr. Bolton's time and experience were 
assets I truly appreciated. 

Dr. Walton realized my ambition in plant breeding, and 
it was under his direction that this project was compieted. 
The help he offered during the preparation of this 
Manuscript was gratefully recognized. 

Dr. Webster and Dr. Cooks! constructive criticism and 
guidance in discussions on this study are acknowledged. 

I am indebted to Hanns Jahn at the Edmonton Research 
Station (Parkland Farm) who on innumerable occasions 
assisted me with the growth room and field tests. 

The financial assistance of Agriculture Canada and the 
Graduate Awards Office of the University of Aiberta is 


gratefully acknowledged. 


vi 


a” ebusitein Yo “pone aun fnves 
a Whose ag ong ka band) Rui 7 
rene ss ne, etee 
Hee oi. ay tow ao stim ya oe iy “hs a 
hs aba >rebag “yada 
| vik iaw appa 28 ei 
lgouncavae thw aie Avo a AOA OA) =o sation doe 39 be, 
pivow 2 t39teag BkU+ to “ob tgaaoae! ‘oMiareaus bree 
anee svirataeeks bik omby Pye mage 
| that Bate wala ae 
irs yoakbaw sz Mehl. ok noi alll, me Domest anes R 
Setehint eel did abd sie sion riagaab pes 
ardy Sar Wok tenet ote Pie bareaIe, il ato 
bas bet HE 19 testa ‘exe lads Riinlsinbaael eT) 4 
} +b Roan am ‘eburinp ade wo. ato kensu nea tb at osu , 
Pifecati (tot elit iat: te auligy folie at berdsbot oe ‘4 a 
‘ag@erteupdo ae tis “ain baer nesters) aneoehe " 
| | “* dade ALSAY bos) aoéa dswore aio Atin oo vase py a 
si hae bia ahibaded owsiuskaph 30° sh ihdcnendl detoassés mei» we a - 
“a ntseribe to. eRe wit: to. mat 820 vbsawa ee “ine 


Aenea ™ ay: 
hue ener zie 


Ae 


ol? pau temeunadanas oarar ky hae 


TABLE OF CONTENTS 


Abstract @eeeseaeeeseaeeeoee eo @ 


Acknowledgements ...... 


List of Tables Peed. Jee 


List of Figures secvces 


tntroductio#n: .3<32.. es" 


Literature Review eeeece 


Pathogen @eeeoeoeesee2e 


Controversy .. 


HistOry eecoes 


Hosts @eeeeoeeoee 


Distribution . 


Importance ee. 


SYMptoMS cecee 


Infection .... 


Environment .. 


Plant e@eeeesneneeeoee8 @ 


Management ... 


Chemicals .eeee 


Plant Breeding 


Materials and Methods . 


Materials 


Methods @eeeeeoeeoeeeeee 


Growth Room .. 


Field 


eeeeo@eeeeoe#seeeemeoestsneeee@eeteeeeeeeteeseeoeee 


@eeeeeoeeeseeeeeaeeeseesmneeeeeeoeneeeeee @ 


@eeeseeesvueeeveeeeaeveeeesoeoeseaeesneaesveeseeesese 


@e@eenseaosvsen een eaeneeesmee@eeeeeeeeeeneaee 


esaeovenv eaevaeeeeweeeoeeeweeoeweeteeeeeaeeteeee @ 


eooaovseoeoev evneeeseeeeseeeveeeee ee & 


eecoeenovevvue0 ee ee esvsesveemes ee ees eee ee ee @ 


eeeoeoeeoeeeoweeeeeeeeeeeeeteeeeeeeoeerteeee @ 


Vii 


@eeeeaosoe@eeesnoses eeeoeeeeoeeseeveeoeeseoneees@ 


iv 


vi 


x 


o's wales slate es eatas Xt 


1 


4 


a 


4 


wi eer re ees rte ae 


kre Pi ate * Nees may ON 


cv Jesdnnine bASioy Ie am Ret Geta casa 
‘/," Vn 


4 


a ee ee ee ee ores 


: ‘4 


4% ee ee ee ee so 8s Saw wre Wee Regn e 


f 0 A ESS AS he ee re ae 
i 


Seis ene eee e ewes ay ee saiieuaie 


+ ee ee ee ae 


J Seen n evan v de wees bv ola sede ey ssid alain A 
b veeeeee bs ee e696 Oe we sees Saree etovorsned H ; 
ee. eran a ie owhebe pare eerereee (scale oedeeu cn 
Do see ee denen eee Cee ee eee odes ih Wig « ae een Male a 
. nails sine sd dal lies oR a pai Weta 
eT AO OLS e Ua eee ea ea eee eee aonedaoyat 
cae es ond sie entra dll mA at SSenaptgee? 
fs col ens ian ep eames Ret +e sees enmoteoekay 
Ot. edivx dexmeeene wh ebeeeernnennee ‘se eoheinon tend 
GP owe - ee a owes : ** «we wedded “ee ve Ram gern s veeas JOely f 
a veasens ap eh heh ts een ar ftiembencer 
wt ie ny shiis ain hn haa U AS ile oidina ey ‘easokesdo aaa 


if ts ee. owe ne Ain die rete ee ee eeeeee Qaiebeo za. ne ks, i I ; 
i, 
. Be irs Seieeabaivss SSRReU Ig MRN EST eo trad hos siebreren ae 


| 7 BE Sy astPonallives sa van itn vdacaidaaeitliv eaten. oLnege? om be ae 


a: ) ae 
a psthaneneeeeescceaeecnsiunbhegeneegenen ates abodtew ; mle 


ee. . bse i i jammed nes eee renee ens t+ DOOR deMond 


ie ener te eutane eaenetencawuedanieneenerees biwia 
ry ; 7 ot i. 


ry s 


yee eee, 5. 


TABLE OF CONTENTS continued 


PathOgGeN ceoeccccvevesecvecsececcsvcccssvevrccvecece 
Plant Coe eee ces e ere eeeesererecccerccccesccoee 
SEAEBSTLCS Ws Vesta cle & Peewee Secs ee ene k Wh ete oP sice ence 
RESULTS Cees e eet u eevee e See shes ve ssvesssdeseccvsaveservece 
PAtChOGen® Ses esas Soles see che ee es se seeiWudeveess 
SOLPRROSER VTS Oo SE oo SSE Seo Se 2d oo on wee ls 
SOUL TeSt 2 ecsvccevescevecevscsvecesenvenvaces 
USS Pp SOLA TCSE: ZisGas Se chisel ss 5.5 Ue obs Sie eer ctele oe 
Tine Of Infection Test ca ccecsvevsscccecececes 
Inoculation Test ceccccccccccvcvvccscccccveces 
PUNGICLAS Test li ccs eee 50 00 os ce os vives cb eesies 
RURGLTCLAUSCET CSET Zee eee s Se ue Ue et eer ete sewage 
Strain + Fungicide TeSt cececcccvccccscccvcvece 
BLADE SS oc wea w cece es ou eno 6 06 sieves «o's 0 o caylee eee sice ss 
Second Cycle Strain TeSt ccccccccvccccccccccce 
Three Cycle Strain TeSt ccecccececscsevscvsecee 
Diallel Strain Tests so vcc cc cence etic veces secess 
Lattice: Strain Wieecicss ce cus clas oes se 6 6 cee es es 
Lattice Strain 2 eeccescccccccccecccescsccccecs 
StPain TESt 1 soe ss cic ose hos 20 06 ue wie seep co 6 0 «5/8 
Strain TeSt 2 .eccsescccccecsresscsccccesecees 
Observational Strain TeSt cecccccccscscccvccceee 
COLPETAULONS 6.2: 0s 0% 6 01s. 019s ies « 610 6 bis bie © e185 6.0 eee 
HELAitability wc cccccceccccscccccecccccvsescces 
DISCUSSION cecccecccvcveccveveccescecccvececeveseveseces 
PA tChOQeD We eter oe vioteicie.c baie oi ntere)s 5 26 w thes iaele sole sie eats 


Plant esesvse2eve02e cee e2e ees eevseeaeeeeeeeeeaoeeeeeeeeeeeeeeeee 


viii 


oe @6 ee ee ee ac er ee) 
i Bb 


. 
. 


vu ee ee ee ee 2 ee ey 


tes 
> 


AA OER EN HW KEENE Ee ERS cule acl wads aie 


hg RR ee es 
' ree 


ay 
» ahs ; é ov. ne 
re TRO O O46 1 6 ERS ee Ce 8 ee ee ee a ee We ae 


sotoLe - 
he re 


> i aE 
re “URS UDR OE MOM eer a se soe bene ete ee & 


VD. 
«4 9 
ee: 


1, oe 
ny 

ih 

1. ie if 


So teats DARE | a hae 
a) |) 
rnin er ‘i 
ay Ky ye A ; i es 
A¢ A a Rel) eA eR ee A ND sou ange ae. 
Me 


ae (eee Owe de de © ee hee el ne aim ad! tanh a 


Os ‘3p 
a VEE Oe ae Ae ey a Oe on ee eee atts 
‘ ' rake 


be te (2 Hee © aie welt Ce es + Ow hele he Oe © bo Se be 


ary 


’ ee | 

td a j @ 
ae i : 
4 Peer sete oe Ge 6 ewe 8 oe re 
oh eT A ee ae on are 


‘sa dassne cys dn albsip ool) SUmiak dai a, slide’ alee deus 
ea ‘this a nyo ghd wt ene ithe: ye enivvay 
i WSs apntitnvne dudes dah taeda t sani’ Akeuve | 

ave oH aan BAG eines hia a Aa Wierre im 
oor dae, ute ae, ‘Lane tov xeon ges 


; nae a 
; ha AAAS Heed enn eg alok a amablene he ahdhaitorse Pee a, 
i , i a) ps ~~ | 


* 
e 


7" OP win maw esses. Csiks 


: = a ee arta « ew MaiLidkeasen 

Fi se 

) : J te i (ra 

M 4 x bhi da i it dd) ea ls Pe oe, i ma Cet sesame ees ve aniaavonda ' q 
A “te f 


ae Faitd ae4 on) BBRORS HF Aa 7. 


OY i ae ee ¢ 
; a1 . : ia) 
Renee else sitet ig Bi es evi ope ¢a5i9 r 4 & 
) ? i 


TABLE OF CONTENTS continued 
SUMMALTY ceovcvsccccccsccccesessccccscccesessceccscscsccsecs 93 
Bibliography Coe cee ere ccs ererescscccsccescscscccseseces 126 
BPPCNGECESST Re o.skis 0 oe Sela b eles wlan ces Cs cc eee eet cece avesoce sie 136 
Appendix 1. Soil characteristics of samples taken from 
the area selected for the field site, 1976 cecceees 136 


Appendix 2. Weather data for the field site, Spruce 
Grove, Alberta from 1967 to 1976 cesiccsecsesvsvevec I37 


Appendix 3. Comparison of mean heights, yields, and 
disease ratings of alfalfa seedling progenies in 
the second cycle Strain teSt eecswccececccccccvvveces 138 


Appendix 4. Comparison of mean heights, yields, and 
performance ratings of aifalfa progenies in lattice 
strain test 1-for 1976 and 1977: ..seseccccccccccese 141 


Appendix 5. Height and yield means of alfalfa progenies 
in lattice strain test 2 for 1976 and 1977 «sececeee 144 


Appendix 6. Mean heights and yields of alfalfa progenies 
in strain test 1 for 1976 and 1977 ceccrseccccceces 146 


1x 


adil 


“ee. nips Pin nln pine Gk a iat ie 


ai 


SY arin tobhih ant> Sadler Gee a ieee 4 F 
- oN 
BET i iiccmainia so aires aa Ve 


wOG2 ualn? tise § #0. oan 


OEE iv siawse'e,> avert * 


apiag2) oul ‘Sta bo: ad’ pa. 
TEL ewe ee eran eed einn as Ala Bk ag Fs 


fe ab Late Gs FA bend ‘dean Bi: ip ~ 

Wit) MERE GE | gut id oie, |) pal dn, 
NE soe ih ae eee - ali: ae 
= 1 ; '. bap 


a 3 
| hens ; 


Woe ye ol ake at pus te me } yee ae 
Dee haa & - Sebappode otis one 3808 sant 
PO saeion, fea oe eee TKeT tae ote Ca im “it y 
Sauapood) | ats iheito paving blak ¢) Bag. | 
Of ertnnnys Te male BEER E04 ca ry 


Seuneeorg esfad & & BO ra 


POR es tues war SU ape ‘aer 


§ 
A ra 
1 
v 
; : = 
in 
} oes) ae 
a? any | Vea oe » 
a0 inf 
y Oi cnm 
ia 1 i} 
i 
4 1 
2 
“i 

1 nm i 
‘ 

% | 
ar cal 

ba ky 
i uF 

‘ i “f be a 

) 
(3 i ~ 
4) ae J - y ’ 
} 5 j Va) bat 
; Ay 
ag 
‘2 
\, " ? x. 
i “ Ls hf 


10 


11 


17 


13 


14 


LIST OF TABLES 


Comparative morphological characteristics of 
Phytophthora megasperma, Phytophthora cryptogea, 


A summary of the location, replicaticn, and design 
of tests undertaken during 1976 and 1977 weeccscecee 101 


Height, yield, and stand survival subrlot means of 
Beaver \secedbingstiin ssoil’ test (tlede sso see SOs see en t02 


Height, yield, and disease rating means of Beaver 
seedlings in soil test 2 Sielee) eis 6) fel oles <s'6) ele e are aretoreererenlOs 


Height, yieid, and disease rating of observation 
pots of Beaver seedlings in the U.S. soil test ....104 


Means of height, and disease rating for Beaver 
seedlings in the time of infection test .cccccceeee 105 


Height, yield, and disease rating means of alfaifa 
seedling progenies in the inoculation test ........106 


Mean heights, yields, and disease ratings of Beaver 
seedlings in fungicide test 1 ceccccencscccccccceee 107 


Height, yield, and disease rating means of Beaver 
seedlings in fungicide teSt 2 c.ccescccccccccccccee 108 


Comparison of mean heights, yields, and disease 
ratings of alfalfa seedling progenies in the strain 
+ fungicide test x OU a. Sc ccs SMEs 0.5 Sele es oc Daleletewies see 109 


Means for height, yield, and disease rating of 
alfalfa seedling progenies in the second cycle 
strain test Fie ss Fb Os Ses SSS Sh Bi Ses. ea ee Sayers Maacle et O 


Summary of mean heights, yields, and disease 
ratings of alfalfa seedling progenies in the three 
cycle strain test ey os a Tk eee, HE a rene oie ele cre Dal aiekere ahoveter td 


Means of height, yield, and disease rating of 
alfalfa seedling prcgenies in the dialiel strain 


test Sa RON ie US a cet SELL. gchar oi ale wie) eiei wr elolerelaronenentl Ice 


General combining ability (GCA) and specific 
combining ability (SCA) mean squares and F-values, 
ratio of GCA:SCA, heritability estimates, and 
genetic coefficient of variability for height and 
disease rating of alfalfa seedling prcegenies in the 


to) esdoh osha 


veSkoi vee £aQU: 
FOE ciavsesibiatns o/s a 2 


APLSSO: Hiis Pe RE HY Ade. 
POR sv awe sis vie IN VES iaEs OTe E i ie eres 


: adhodich at slab i cal 
ie. y Ri tte oe 
u os “\euak 


iv 2ntea redy ue fevowree ‘sights Bae 4 
DON sy chee ace ales MRO aol cane: Lige nk eee 


i 
toy And 10 ansen piso aa ee cud ry 
ee ae ORES ov ing“ Taws) ia iies at" 


hh oe as aff, a me. 
TOd S&S Vas +e SO: Bae bP 8 eSB Se KES bia whte x re 3 
if) e 2 oo * ? 241 F Al a oa ra . Wy cy nh Th Bua iiieeapet 


: NSE VOU Pt tes Poe fins {st pat | 
OP be ey ae eee igs saa cas) fast 


Tistie 2 (eeipem OAT ee aes eth pnb seiate 
be ke wae'e res 10 ba ak pciomt: 7 Saft: a " bs 7 if . 


weed to apnltas danwet el sae “Whig ae 
Peete e renee eee eee F eas plone 1 


oes), 20 2089@ Bot des ‘ay fae. fl 
BDL» Pe ar : 


7 a gerthgnas’ 


acasah Bite. sah bedi, <apieat Lem we 
Grog ie eny ome eobae oxy PhiLhgoe poyaate norte y | 

on + 

at, 


PUP crt reees ener eeweeer ge & 


COs + dal #08 fn eto Ne Se Oe gan feed 


to; oxtiaz paiaath:. ‘bes sfutety tip ier sot ani | 
oioge buooda ad? a! awbneposq) paidtese etigiia § « 
Pg te te Tmt cba ree a i va 
‘weaned B’ bat ~ebloty . arb. ice . 419 {wee eye’ came 
seiks, odd at eotnepoxy Fi eae uke tO aoneree 
rrr SR ey eT A ee hs — ALLaYS a 


, f yee . 
idukhsus sneder8. fas blind  paibdiod au aneoe se 
Uteuge  Lelbhorh - 4dr» wt Selimepoxg. Terai kows ok Lar Le i Ort ee 

UNE swe Pwiniie emo vern en dens es eagnge gnieie arenas y ce cx) SRT : ya 
ih ; ; " av) Fy 


| oe ne gnay © 
cacae Dae Ratasge 


iB) oe ti ape Db sien oe. 
apd a 


US peta tinoa 
omy are wa) hey ‘Obsk 
O30 Fipiotveapa! shtaa 
ait he core ite eat eine 3 


Hs) 


16 


17 


18 


19 


20 


74 


Ze 


23 


24 


26 


diailel strain test Bilevelele cielo elelelsFelereleieters citere siele cre eterere. (1S 


Estimates of general combining ability (GCA) 
effects and specific combining ability (SCA) 
effects for height and disease rating of alfaifa 
seedling progenies in the diallel strain test .....114 


Summary of height, yield, and disease rating means 
of alfalfa seedling progenies in the second cycle 
strain test, three cycle strain test, and dialiel 
strain test COLCHC CHC OE LF OSC EH OCHL LLCO LEO COB CE OLE atale eve sates. | LO 


Comparison of mean heights, yields, and performance 
ratings of alfalfa progenies in lattice strain test 
1 for 1976 and 1977 Covbeseerceeerevececeevevcevecs 1.16 


Comparison of mean heights and yields of alfalfa 
progenies in lattice strain test 2 for 1976 and 


1977 Sietahe ers 4/4 alae elesie sia sie sos 8 46.6)b ot 6 bo. cs oles ee eeeeae TUE 


Mean heights, and yields of alfalfa progenies in 
Strain test © £0691976 and 1977 26. vwiiisecs tecvesncee es NIG 


Height and disease rating means otf alfaifa 
progenies in strain test 2 for 1976 wessccccevcesee 119 


Summary of alfalfa progeny height and yield means 
for each field test in 1976 and 1977 cececveccccceee 120 


Simple correlation coefficients of agronomic 
characters for growth room tests involving the 
alfalfa sicknesSS pathogen ...ccccccccccesccccsccccce I21 


Simple correlation coefficients of agronomic 
characters for growth room tests involving the 
alfalfa plant ee Woe barat a alatatate tel cholera: overela ears leteusie ohenetorere siele 


Simple correlation coefficients of agronomic 
characters for field tests involving the alfaifa 
plant in 1976 and 1977 Biateheilerehar cio etetelelave s eberslevotctelstetoter lcs 


Mean heights and disease ratings, percent of 
susceptible genotyres, and selection intensity of 
alfalfa seedling progenies derived frem 2 cycles of 
selection for resistance and susceptibility to 
alfalfa sickness in the growth room cececcsecceceees 124 


Means, regression ccefficients (b), and narrow 
sense heritabilities of height and disease rating 
for alfalfa seedling progenies selected in 
response to alfalfa sickness over two cycles 
in the growth TOOT ceccccccecvcccvcecscssscesseees 125 


xi 


Ae, weil tan ee ee 
(Au2) fase) Pie boD Et tehe-2 tae) eae 
; 6516200 20 Pipes ainy pre hy aaa fh ae ee 
|) pee B ae +e Mt ee dat A Us i “Ee h 


biked, bokaes saeeh Slag ro th kid m* aee Be 
wkots. bioden, oagiaks crpaees anes i Uda a OB 
LeilerS . DOB! vtite? yukies al #oa87 + Fie) tobe: 3 


* 
efi vv mee eee eee Crt Rea vee eens en ee beau anne 


‘ganar ote pms sHhLole isi dh i 

tuos tioute soisyil at sokooiory sake 

at! \ Raha: abhi Hiei 8h) A 
Li6ils, 20 ahheiy oe, aiiy tem? te ts a Herd 

we etet | 2OT We \ teas ab eme ante ak errr 


bet: stongat Ceased C0 4g a Tle: 


i watgabore, yi Lss te 2p) niidky: ha “nadia et 
ee mel panyang h” iter’ ied 4 


te et ie 


cd Ayn fds Dy tile + de Bist 
vase a aan eee ee tVEh Bia 6 28 


Tie MARIN i 


ut = 
OM 


EMOTE Di Pi?) eye 
eda (DaLVi ova) +G92 Vac 


ryt Dee eee caer 


Due ute TEL, 5 a ia saat é 7 A 4 ; Odense a 
#Od patvLovn’  239et agun / ia Colon | eS astedo 


SBT hoy doh fe al ange ease eae aes Bray te 
‘RiteoHowps: =a” s.1ioirbaeda | dbcyetesaen 
Bie 


white ott paetetoumt ‘stags far Bap 
BST soe eeed eres ee eee ee tan en “bassavar at saa, 


/ ey 


ps ee i ie 1 rt ee 
to Yc saneso. pOEORT Me | bt. 


'3O Gafoys | odd Lay isab'ee wae oid 
OF BILLEd LAG, 402 OS) | oo . Sai. aot ef 
we Rises. Hh ee anes 6 BOTS bis = ae gabatau: 614 er hs 7 
a, hia | ae : y Cae oT ) : Re 
Wosded DUB e (ay Vas beet 2 i & i rote aioe ‘es iL Al : 
: ~ Sop heet la tie sith MET ae Lot Ped ease 8. eee 


ite Bewelie wernopacq™ gal 
eet = mar: weean ate 8! 


LIST OF FIGURES 


Height and disease rating means of Beaver seedlings 
for the time of infection teSt ...ccccrvccccevccens 


‘Frequency distributions of alfalfa seedlings in 
cycle O planted in sick soil and nonsick soil and 
grown in the growth LOOM weccceccc ccs cccccccsccccecs 


Frequency distributions of alfalfa seedling 
progenies in cycle 1 grown in sick soil in the 
growth room OG) 8 6.8. 8 S (O'S OO 6 2 OO O'@ OC. 8 0 6 @ @ 6 0 68 2 O82 © 0 6 8 6 0' 8 2 0 


Frequency distributions ot alfalfa seedling 


progenies in cycle 2 grown in sick soil in the 
growth rcoon eeseooaoee@oeoovopeeeeeewmeoe@w@soeaeaseoovse@eeeseeeeeneeoeeeeee8 


Xii 


96 


SF 


98 


99 


a? 


hie pl ma 
epakétioue tevaomt ae) 
vr Re Re bt Aa die elie 
jh apes Lies 
i) "x a t fr) Ss Fer} 


ne 


he Nhage ovich ke to” 
et uf £2087. Eire. 3 RS, 


er ecavnwpn ek ©) & 6 eee 6 eo 6 ou tn nies eh a 


Ty 


ae eee yt a ee ho 
7 4 Rew MOL ae 


INTRODUCTION 

Alfalfa ( Medicago sativa L. and Medicago falcata L. 
and hybrids between these species) is the most important 
perennial forage legume grown in western Canada. It thrives 
cn nearly neutral soils, responds to irrigation, and wiil 
yield upwards of 4.5 metric tons of dry matter per ha. This 
legume requires well drained soil which it improves through 
its ability to fix atmospheric nitrogen. Alfalfa isa 
palatable, nutritious fodder with a crude protein content of 
apprcximately 17%. 

Most of the cultivars of alfalfa originate from M. 
Sativa and M. falcata . The falcata derived cultivars are 
considered to have more winterhardiness and drought 
resistance but lower seed and forage yields compared to 
cultivars originating from the sativa species. Canadian 
cultivars are the result of interspecific crosses between M. 
Sativa and M. alcata and are usually known as Medicago 
media Pers.. 

Alfalfa is essential to the dairy, beef, and aifalfa 
dehydration industries. Census data (Alberta Agriculture, 
1977) indicated there are 740,000 ha (or 6% of the 
cultivated area) in pure ailfaifa stands and mixtures 
centaining aifalfa in Alberta. The potential for expansion 
has been conservatively estimated at 1.5 million ha, more 
than double that now in production. The annual requirements 


of alfalfa for the dairy industry approached 225,000 metric 


tons for 1975 (Alberta Agriculture, 1975). Within the 
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vincity of Edmonton there are six alfalfa dehydration plants 
Froducing about 12,600 metric tons, yearly, from an area of 
3,200 ha per factory. 

In central Alberta, a condition restricting the growth 
of aifalfa has been okserved (Webster et al., 1967). This 
syndrome has been referred to as "alfalfa sickness" and the 
soil inciting it as “sick soil". In the disseration that 
follows, those terms will be used. 

Poor growth of alfalfa in the Edmonton, Alberta area 
was first recorded by Goettel (1962) who found fertilizers 
did not correct the problem. Although the causative agent 
respcnsible for alfalfa sickness was not isolated, Webster 
€t al (1967) indicated it was biological. A selection study 
which was undertaken by Goplen and Webster (1969) failed to 
demonstrate inheritance cf resistance to alfalfa sickness. A 
nitregen imbalance and possibly an aluminum toxicity were 
concluded to be the factors affecting alfalfa in sick soil 
«Webster and Dekock, 1970). Root zone temperatures in sick 
scil did not shed light on any new area nor did corrective 
fertilizer applications (McElgunn and Heinrichs, 1970). 
Webster et al. (1972) attempted, but did not succeed, in 
establishing a relationship between a species of nematode 
and alfalfa sickness. Subsquently, Damirgi et al. (1976) 
proved alfalfa sickness was not caused by the nematode. 
These authors produced symptoms typicai of alfalfa sickness 
using sick soil serial dilutions. 


The characteristic symptoms of alfalfa sickness have 
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been described by Goettel, 1962; Webster et ale, 1967; 


Webster and Dekock, 1970, and Damirgi et als, 1976, and may 
be recapitulated as follcws. 

1) The plants are stunted and chlorotic. 

2) Irregular, brownish lesions appear on lateral 

and tap roots followed by girdling of the lateral 

roots. 

3) Older roots do not exhibit deep necrotic areas 

but poor nodulation is evident. 

Although the seriousness of alfalfa sickness has not 
been assessed in terms of yield loss, it has been observed 
(Bolton, 1977) that aifalfa stands on sick soil produce low 
yields. The disease may be controlled by studying the way in 
which it interacts with the plant, and by examining the 
response of the disease pathogen to chemical and paysical 
treatments. However, such treatments are freguently 
expensive and thus of little practical value. Cansequentant 
an attempt was made to obtain resistant progenies by plant 
breeding methods. Field cbservations revealed differences in 
the degree of field resistance within, as well as_ between, 
lecal cultivars. If these differences are inherited, then 
resistant plants could be selected. An attempt was also made 
tc eludicate the genetic mechanisms which govern the 
expression of this trait. The object of the present study 
was, then, to control the alfalfa sickness pathogen by 
chemical and physical treatments and to identify resistant 


Clones which can be used to synthesize a resistant cultivar. 
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LITERATURE REVIEW 
1. Pathogen 

a. Controversy From studies conducted at the University 
of Alberta, the casual agent of alfalfa sickness is a 
pythiaceous fungus (Cook, 1977; Damirgi et al., 1977), the 
identity of which is controversial. Disagreement revolves 
around the classification of the pathogen as a Pythium sp. 
Or a Phytophthora sp.. This disagreement results from three 
factcrs. First, the classification of the Phycomycetes is 
scmewhat ambiguous (Walker, 1969; Waterhouse, 1973). Table 1 
compares the morphological characteristics distinguishing 
the species and genus in question. Waterhouse (1970) admits 
that Phytophthora megasperma Drechs. is a difficult species 
to classify and there is a question of speciation with the 
megasperma complex. 

Second, the primary invader is confused with secondary 
invaders. Erwin (1954b) suggested secondary organisms might 
suppress or mask Phytophthora cryptogea Pethybridge and 
Lafftery in alfalfa roots during unfavorakle conditions for 
this pathogen. Frosheiser (1968) stated P. megasperma was 
endemic to the soil only requiring suitable environmental 
ccnditicns to develop. This is further supported by the 
widespread geographic distribution of P. megasperma reported 
in the literature. Bearing in mind these observations plus 
the fact that no Pythium sp. have been identified as the 
casuative agent of a roct rot of alfalfa in western Canada, 


the initial invader causing alfalfa sickness was believed to 
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be a Phytophthora sp.. 

The third factor was time for resistance to develop in 
alfalfa against Pythium sp. as compared to Phytophthora Sp.. 
Haplin and Hanson (1958) found alfalfa to be susceptible to 
5 species of Pythium but immunity tc Pythium sp. was 
developed 3 days after seeding. Chi and Hanson (1962) 
reported similar results for resistance to Pythiun 
debaryanum Hesse in alfalfa. In contrast, immunity to 
Phytophthora is unknown (Marks and Mitchell, 1971b; Erwin, 
1962) and resistance to the fungus has been increased over 
cycies of selection (Frosheiser and Barnes, 1973; Hine et 
ale, 1975). 

b. History Goettel (1962) first discovered poor 
nodulation and poor growth of alfaifa in certain fields west 
of Edmonton, Alberta. Major fertilizer amendments did not 
substantially improve dry matter yield of alfalfa planted in 
sick soil over the alfalfa in unfertilized sick soil. There 
was a noticeable yield increase of alfalfa grown in 
fertilized, steam sterilized, sick soil compared to plants 
from a fertilized, nonsterilized, sick soil. In these 
greenhouse experiments, seuticd was made of the _ soil 
characteristics of the samples collected from alfalfa sick 
fields. However, as was with subsequent reports, no one 
characteristic of the soil could be identified as the 
casuative agent. 

Webster et al. (1967) concluded that a biological toxic 


agent was responsible for the depressed growth of aifalfa 
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plants in sick soil. Webster and his associates eliminated 
scil fertility, noisture deficiency, low pH or any 
ccmbination of these factors as being the casual agent. In 
their study, plants from steam sterilized soil produced high 
dry matter yields. Certain alfalfa plants, which were grown 
in Leonard jars with aqueous soil extracts from various 
locations, showed a tolerance or resistance to the sick 
scil. 

Goplen and Webster (1969) attempted to show that a 
genetic basis for selection of resistance to alfalfa 
Sickness existed. However, the authors were unsuccessful, 
and part of this failure may have been a result of the 
selection criteria. The criteria relied on picking vigorous, 
healthy plants and adjacent sickly plants within an alfalfa- 
Sick area and comparing their progenies. The seiection 
procedure was at best superificial. 

Webster and Dekock (1970) decided to examine field soil 
and plant samples for nutrient content. Nitrogen metabolism 
of aifaifa was affected by sick soil which had _ been 
previously cropped to alfalfa. An induced nitrogen 
deficiency and possibly an memos toxicity were suggested 
as two factors which affected the alfalfa in sick soii. 

McElgunn and Heinrichs (1970) tried to assess 
fertilizer and root zone temperature effects in relation to 
alfalfa sick soil. Soil temperatures of 109°C, 15°C, and 20°C 
did not result in any significant differences for height and 


dry matter yield of alfalfa. Fertilizer interactions with 
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alfalfa sick soil were not significant for any of the 
Characters measured. Thus McElgunn and Heinrichs (1970) 
agreed with Webster et al. (1967) that nitrogen and 
Phosphorous fertilizer did not alleviate alfalfa sickness. 
Root zone temperature provided no further clues as to the 
identification of this anomaly. 

The Agriculture Canada (1972) report from the Swift 
Current Research Staticn concluded that since ilittie 
progress was made in determining the cause of alfalfa 
sickness and year-to-year variation in severity of sick soil 
was great that continued study could not be justified. 


Webster et al. (1972) initiated a survey of the 


consistently high counts of this particular species had been 
observed in alfalfa sick soils. The highest counts of 
nematodes were recorded in dark gray luvisclic soils where 
alfalfa sickness was prevaient. It appeared the nematode was 
associated with sick soils. To substantiate this finding 
Webster and Hawn (1973) undertook a more extensive survey to 
determine the density and distribution of P. projectus, but 
were not able to establish a relationship between the 
nematode and alfalfa sickness. Certain soil parameters and 
cropping history were not correlated with the nematode 
ccunts. 

When alfalfa was infected with P. projectus, no disease 
symptoms typical of alfalfa sickness could be induced 


(Damirgi et ale, 1976). It was found dilutions of non- 
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sterilized sick soil from 10-4 to 10-3 were required to 
incite aifalfa sickness symptoms. The dilution level was 
suggested to be correlated with infection and disease 
severity in the field. Thus Damirgi and colleagues were of 
the opinion that a microbiological agent was inciting 
alfalfa sickness. 

Several points are evident. First; fertilizer 
treatments do not encourage alfalfa growth in sick soil. 
This means soil nutrients appear to be adequate and soil 
fertility is not the cause of alfalfa sickness. Second, soil 
mcisture and soil pH have been eliminated as causative 
agents. Third, the cause of alfalfa sickness is biological. 
Sterilization treatments of sick soil, resulting in 
increased aifalfa yields, would tend to support the above 
statement. Finally, in relation to alfalfa sickness in the 
field, the symptoms appear on alfalfa sown in fields which 
had previously grown alfalfa. 
mMegasperma was first discovered causing 
damage to alfalfa ({ Medicago sativa ) by Erwin (1954b). The 


pathogen was found to be specific to alfalfa ( edicago 


falcata (dipioid, tetraploid), M. arborea, M. glutinosa, M. 


lupulina ) (Erwin, 1954a). Roots of cotton, sugar beet, 
aster, tomato, vetch, carrot, flax, sweetclover, ladino 
clover, red clever, bean, cowpea, and trefoil were not 
rotted by the fungus. Other species of Phytophthora were not 


pathogenic to alfalfa. . Pratt and Mitchell (1975) reported 


oats, clover, corn, peas, and soybeans did not increase 
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infective activity of P. megasperma . Johnson and Morgan 
(1965) when infecting garden pea, common vetch, and alifalfa 
( Medicago sativa cv. Buffalo and Delta) with P. cryptogea 
noted these plants to be susceptible. fFrosheiser {1968) 
listed vetch, garden pea, sweetclover, cowpea, bean, and red 
clover as having been artificially infected. Numerous 
authors have also indicated that P. megasperma is highly 
virulent to aifalfa but did not test the infectivity on 
cther plants. The range cf hosts to which this pathogen can 
infect seems very narrow and specific to alfalfa. 

Alfalfa sickness did not infect the roots of white 
clover, red clover, Zigzag clover, alsike clover, 
sweetclover, birdsfoot trefoil, crown vetch, fiax, or oats 
in naturally infected soil (Bolton, 1977). Roots of bariey, 
milkvetch, sainfoin, and alfalfa were affected. However, 
Webster et al. (1967) found barley was not sensitive to the 
agent depressing growth of alfalfa in sick soils. Cormack 
(1940) found P. megasperma , isolated from sweetclover 
roots, was nonpathogenic to alfalfa. McIntosh (1966) 
isolated P. megasperma from irrigation sources in central 
British Columbia. However, the fungus was not pathogenic on 
alfalfa. Thus Phytophthora sp. have been isolated in western 
Canada although no infection on alfalfa has been induced. 

d. Distribution Damirgi et al. (1976) stated alfalfa 
sickness was most prevalent on dark gray luvisolic soils in 


central Alberta. McKenzie and Davidson (1975) characterized 


several root and crown rots of alfalfa in the Peace River 
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region of Alberta and British Columbia. No causal organisms 
were isolated and identified from the alfalfa root rots. 
However, the symptoms were described and attributed to 
several fungi one of which was P. megasperma . 

In eastern Canada, Chi and Childers (1966) reported the 
association of several fungi with root rots of alfalfa ina 
disease survey over four years. P. megasperma was isolated 
from the cortex region of young alfaifa roots. Chi (1970) 
was able to isolate the fungus from alfalfa in 21 counties 
(76% of the fields sampled) in Ontario and Quebec. 

In Washington, a condition known locally as aifalfa 
Sickness has been described (Weber and Leggett, 1966). The 
cause was thought tc be ineffective or insufficient 
Rhizobium meliloti for ncedulation. Results from Elliott et 
(1968, unpublished) contradict Weber and Leggetts'! 
findings by definitely indicating that insufficient or 
ineffective rhizobia are not the cause of alfalfa sickness. 

Phytophthora root rot of alfalfa caused by P. 
Megasperma has a wide geographic distribution. Areas 
reporting its presence include: California (Erwin, 1954b), 
Australia (Purss, 1959), lilinois (Bushong and Gerdemann, 
1959), Ohio (Schmitthenner, 1964), Mississippii (Johnson and 
Morgan, 1965), Ontario (Chi, 1966), Minnesota (Frosheiser, 
1967), Wisccnsin (mankeana Mitchell, 1970), Arizona (Hine 


al., 1972), Washington (Elgin et ale, 1972), and North 


et 
Carolina (Welty and Busbice, 1976). The common feature in 


these isolations has been the associaticn of the pathogen 
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“with heavy soils, poorly drained or heavily irrigated, or 
with periods of above average rainfall. 

e. Importance The pathological importance of the 
Phytophthora genus is far reaching. For example, this genus 
comprises nearly 70 reported species of plant pathogens 
which are nonobligate parasites of higher plants (Erwin et 
al., 1963). Some of the diseases caused by Phytophthora sp. 
include: late blight of potato and tomato ,« P. infestans ); 
red stele of strawberries { P. fragariae ); wilt and root 
rot of avocado ( P. cinnamomi ); and root rot of soybean { 
vare sojae ).- 

£. Symptoms Erwin  (1954b) describes the symptoms of 
rect rot of alfalfa caused by P. cryptogea as: 

1) brown to red necrosis, irregular in shape, 

mostly occurring on the tap root kut crown and 

lateral roots may be affected, 

2) internally infected areas such as xylem may 

become water-soaked eventually becoming discolored 

and turning yellow, and 

3) leaves iose their turgidity turning yellow and 

the rocts become edupictedy girdled. 

Erwin (1954b) did not mention any effect of the disease on 


nodulation. Erwin (1965) later reclassified P. cryptogea to 


Iho 


s Megasperma . Bushong and Gerdemann (1959) and Marks and 
Mitcheil (1970) described the symptoms of Phytophthora root 
ret cf alfalfa caused by P. megasperma . Marks and Mitchell 


(1970) felt this was the same pathogen that incited a 


cambial root rot of alfalfa reported by Jones (1943). 


In Australia, Purss (1959) listed the symptoms of a 
root rot of alfalfa caused by P. cryptogea and P. parasitica 
- However, Irwin (1974) isolated a casual organism of 
Phytophthora root rot of alfalfa in Queensland, Australia 
which was P. megasperma var. sojae. This was in contrast to 
Purss's (1959) identification. A remarkable Similarity 
exists among the symptoms described by Erwin (1954b), Purss 
(1959), Marks and Mitchell (1970), Bushong and Gerdemann 
(1959), and Damirgi et al. (1976). 
alfaifa sickness, the primary infection sites have been the 
lateral roots and eventually the tap roots. Scott (1965) 
differentiates lateral roots which form secondary 
thickenings from filamentous or transitory roots which nay 
thicken slightly and have root hairs. Jones (1943) describes 
two types of roots in alfalfa based on the development of 
secondary growth. Permanent, cambial, or nontransitory roots 
form a cambium and phellcogen whereas transient or noncambial 
reots develop very little, it any, phelleum and cambiun. 
Thus lateral roots may be cambial or noncambial while the 
tap root is strictly cambial. 

In the case of P. megasperma , Marks and Mitchell 
(197C) and Marks and Mitchell (1971b) suggested the lateral 
roots were most susceptible to infection. Zcospores (Marks 
and Mitchell, 1971a) of the fungus encysted on the root tips 


in the zone of cell division and cell elcngation. The fine 
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roots or ncencambial roots were killed and lesions appeared 
on the tap roct from which these fine roots emerged. Leakage 
of nutrients at this point waS suggested to incise 
pentration and infection by the pathogen. This invasion and 
lesicn development on the roots led to reduced growth. As 
severity of infection increased chlorotic foliage, premature 
defoliation, and wilting occurred. 

Irwin (1976), describing root infection of alfaifa by 
P. megasperma var. sojae, felt the junction of the lateral 
and tap root as well as the root tip were infection sites. 
The lateral root, in this case, would likely be transitory 
since the roots were examined 3 weeks after germination of 
seed. This suggested tap root lesions and loss of the non- 
cambial roots under field conditions. A tactic response of 
zoospores was evident in the cultivars Lahontan, Hunter 
River, and Moapa. It appeared resistance to the disease in 
Lahontan occurred after host pentration by zoospore germ 
tubes. 

In contrast, Gray and Hine (1976) thought early root 
infection in the field widexedouia tee with the nodules of 
alfalfa. From the nodule, P. megasperma could progress into 
the cortical root tissue and girdle the root at the point of 
attachment of the nodule. But the roots from infected field 
plants were examined 4 months after seeding. This would seem 
somewhat late to justify that infection cf nodules, root 
tips, and nontransitory lateral roots had been observed. 


The chemotaxis of zoospores to the host as suggested by 


a 5 ee a Bao 5 | he PS oh 


i tac i] } Me ™ ry 
“é . Ue righ 


| Sieesgge Skeet bale abt teal ' 


opemaod sGegaees ‘etwas eit tenets ie | 
ena tome ed be frog thie aoe Fit tog os 
bets, geskeovnt srat srosankting BAT YS | 
i Per 
Ss UT OHS ss PRES fiat aisemiins pene wall 
\STTUBIO cea , 
qe omnes FO GLADHtNL 200% en ae 
Cotmead, ote ¥6, Qokesaut ont Meh cles, Sau, 5a i 
2d ta | pOKSpRRE | “Sake yer t063 add. Lorameneek 
cif 2 alee St vibats binow ..aeascekay! esta 


ani? sackets 19975 etoou '& aa op 


ae ste don pander ad Bel | iby Ot 


ie gait 30) Beet O78 ahibke ah FOG ee died 


s 
=< 


ie’. oenGuas 7 oe: In6s. 4 accu hase oleae wack a: 

Terrie cess aniiad Sip vat hud ain ai a 

ai ssseaib lode 02 suolia Yeuteo3., bebidas ; 

b s si =P 7 sa'sll ie 

e290 ezoOqge0os ya woh A vipertasy Fecd tadas'. Be 
b ' : 4 


q 


wee. yluse’ tipifods (avery om ty bas, Neda bedi ge, ate 
ay 


Te) ae duboa aut Atvev vob SiD08.055, aba bieiy ado Ht cumin , 
Gthd  éBeIpo tq biuos aguedenede a \Siuboa! as go 2% ogee | 
Yo atdy gi7 $4 too7 os sthr ig “ine: suaekd) 2002 Lov erapereds 
hash ot ae ‘eda ods od) sah HPou. 483°20° ~théaroetss p 
Reh te, hoitow ak ret .pugbena JOS 15: ahr aoe b Roms wbxe STOW apieta . 

#908 weghonon. 35 fin ddoe Sai toe YIssaue 92 goed alee 3 ‘ a 


de a , chavnaats aged hid ator ‘ended ai ch hits lies bas mae) ‘ 


a spb rsscans ge ody OF eeabyoas, ‘to 2izagomad >: sat: 
ha Ce ts ; a nae vw 
hae oe 2 ie @ 2» a) > ie 


14 


Marks and Mitchell (1971a) and Irwin (1976) is well 
decumented in other Phytophthora caused diseases. Dukes and 
Apple (1961) observed a chemical attracticn of zoospores of 
P. parasitica var. nicotianae to wounded tobacco roots. The 
substance causing chemotaxis was not specific to tobacco. 
Goode (1956) working with P. fragariae zcospores noted a 
tactic response of the zoospores to strawberry root tips. 
Zentmyer (1961) discussed chemotaxis of Bs cinnamomi 
zcospores to avocado roots. Zoospores were attracted to the 
region of root tip elongation. A root exudate produced by 
the living avocado roots attracted the zcospores. Mehrotra 
(197C) using a fluorescent dye learned that zoospores of P. 
megasperma var. sojae accumulated on resistant and 
susceptible varieties of soybean seedlings. Thus, this 
phencmenon of chemical attraction of the pathogen to the 
host is supported by evidence within the Phytophthora genus. 

The substance which attracts the zoospores of P. 
Megasperma to alfalfa roots may be an amino acid such as 
thiamine. Data presented by Erwin and Katznelson (1961) 
tends to support the observation that thiamine may be 
important for survival of P. megasperma in the soil. 
Furthermore, microorganisms may be producing thiamine in the 
rhizcesphere of the alfalfa roots. 

he. Environment The single most important factor in the 
survival P. megasperma and its infection of alfaifa is 


moisture. Johnson and Morgan (1965) were able to isolate P. 


megasperma after heavy rains of 24.4 cm in April, 1964. 
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Frosheiser (1969) also isolated the pathogen during June, 
1967 when 17 cm of rain was recorded with continous rain for 
12 consecutive days in the midwest U.S.A.. Bushong and 
Gerdemann (1959) observed P. megasperma was favored by cool, 
rainy weather and standing water. The pathogen was 
frequently isolated in the spring and fall. Soil moisture 
levels below -40 bars reduced infective activity to nil 
(Pratt and Mitchell, 1975). At soil moisture levels near -15 
paras infective activity declined only slightly after 7 
months. Also, irrigation increased disease incidence (Pulli 
and Tesar, 1975) of P. megasperma . Irwin (1974) mentioned 
the relation of rainfall and the presence of P. megasperma 
var. sojae in poorly drained soils. Lueschen et al. (1976) 
felt that 10 days or longer of saturated soil would cause 


rapid development of P. Poor internal drainage 
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of the topgraphy may also lead to increased inoculum levels 
of P. megasperma. However, when dry soil conditions result, 
detection of the pathogen may fail. 

Temperature which favors disease development and 
expression was Hou siduigletwmrses a range of 17°C «to 27°C 
(Erwin, 1966). This correlated well with the growth of P. 
megasperma in vitro. However, Pratt and Mitchell (1976) 
examining tap roots of resistant and susceptible selections 
found disease to be more severe at 20°C and 24°C compared to 
16°C or 289°C. Gray and Hine (1976) indicated optimal soil 


temperature occurred at 23 cm below the soil surface June 


through August for high disease severity. Gray et al. (1973) 
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added that a temperature of 30-189°C or 24-139C for light 
cycle (12 Hours) and dark cycle (12 hours), respectively, 
caused more disease than 35-24°9C,. 

Inoculum levels of one-eighth and one-thirtysecond 
(v/v) gave the most severe disease to seedlings inoculated 
at 6 weeks of age (Pratt and Mitchell, 1976). These authors 
(Pratt and Mitchell, 1976) also stated dilution levels of 
18 or 1:16 (original: diluent soil) allowed easy detection 
of P. megasperma . Planting the infected soil to alfalfa 
selectively raised inoculum levels to make detection 
scmewhat easier (Pratt and Mitchell, 1975). Nonhost crops 
did not raise the infective levels. Consequently, low 
inoculum levels in the soil may not be detected by current 
techniques. Damirgi et al. (1976) found alfalfa sickness 
mMcre severe with 10-1, 10-2, and 10-3 soil dilutions 
compared to 10-* and 10-5. 

Age at which alfalfa plants are attacked by the 
pathcgen varies. Post-emergence damping-off was evident 
according to Johnson and Morgan (1965), Schmitthenner 
(1964), Bushong and eer lanain (1959), Welty and Busbice 
(1976), and Gray et al. (1973) in greenhouse studies. 
Conflicting reports exist for pre-emergence damping-off. In 
Support of pre-emergence damping-off, Welty and Busbice 
(1976), Gray et al. (1973), and Bushong and Gerdemann (1959) 
reported it but Schmitthenner (1964) and Johnson and Morgan 
(1965) found no evidence in the greenhouse to support this 


view. 
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Frosheiser (1967) found disease severity of bP, 
Megasperma did not differ on alfalfa from 1 to 6 weeks of 
age. At 12 weeks, the disease severity (5.9) was less than 1 
to 6 weeks (7.5-8.1). Welty and Busbice (1976), testing the 
pathogenicity of P. megasperma over time, discovered alfalfa 
inoculated at 21 days of age had the root completely rotted. 
Plants inoculated at 28, 35, and 50 days had necrotic root 
lesions, stunting, and yellowing. When inoculated at 71 days 
of age, ocnly yeliow lesions developed on the foliage of 
alfalfa. Gray and Hine (1976) indicated initial field 
infection of aifalfa roots may occur 4 to 8 weeks after 
seeding. This agrees with Lueschens! et al. (1976) xesults 


in which yield reductions due to P. megasperma damage were 
Suspected to occur during the seeding year. Purss (1959) 
stated first year stands of alfalfa are more susceptibie to 
attack than established stands. 

The survival of P. megasperma may be in the form of 
ocspores (Frosheiser, 1968) or chlamydos pores 
(Schmitthenner, 1970) since other structures would be killed 
by environmental stress, ree notably drought. This is 
supported by Tsao's (1969) work on P. parasitica. The 
primary infective propagule of P. megasperma is the zoospore 
and suspensions of it have been used for inoculation studies 
in the greenhouse (Marks and Mitchell, 1975). But most 
investigators have utilized mycelium both in greenhouse 
(Gray et al., 1973) and field experiments (Frosheiser and 


Barnes, 1973; Lu et ale, 1973). 
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The fungus is capable of surviving in the soil at 
varicus soil depths. Frosheiser (1969) observed tap root 
rotting 50 cm below the soil surface. Gray and Hine (1976) 
detected root lesions from 4 to 40 cm below the soil surface 
but noted some as deep as 80 cm. Soils prone to root rot of 
alfalfa caused by P. megasperma are silty loams and 
pedzcolized (Marks and Mitchell, 1970). Purss (1959) 


suggested heavy soiis with an impervious layer were 


2- Plant 
Foliage diseases of forages caused an estimated annual 
loss of 5.9% or 6.2 million dollars from the period 1970- 
1973 in central and northern Alberta (Berkenkamp, 1974). 
Alfalfa disease losses in the U.S. have been estimated at 
24% for forage and 9% for seed (Graham et al., 1972). In the 
U.S., root and crown rot fungi cause damage to at least 5% 
of the alfalfa. The only practical means to overcome these 
losses are through control by the use of crop rotation, 

chemicals, or resistant euleivand: 
ae Management Crop rotation was not effective in 
reducing the level of infective activity of P. megasperma 
(Pratt and Mitchell, 1975). The crops included in the 
rotation were corn, oats, clover, soybeans, and peas grown 
fer 3 to 6 months. In this greenhouse study, infective 
activity in soil planted with the above crops was compared 


tc infective activity in fallow. 
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Crop sanitation has been practiced to rid an area of 
the source of infection. Bonde (1943) documented burning 
potato cull piles to eliminate the infection source of late 
blight of petato caused by P. infestans. Turner (1965) 
Suggested removing and disposing of cacao pod material in 
the field. This acts as an infection source for P. palmivora 
- Crop removal by burning has not been reported for 
controlling the dispersal of P. megasperma . 

Frequent irrigations will increase disease severity of 
Ccinnamomi (Zentmyer and Richards, 1952). These weekly 
waterings of avocado trees meant the disease appeared sooner 
and caused greater damage. Pulli and Tesar (1975) stated 
that when 10 cm of water was added in addition to the normal 
rainfall, the disease incidence and severity of P. 


megasperma on alfaifa increased. Other management factors 
which stressed the alfalfa plants making them susceptible to 
attack by P. megasperma were: increasing cutting frequency 
from 2 to 3 times per year, seeding at higher rates (9 to 36 
kg/ha) and late seeding (April 27 compared to May 19). Thus, 
mismanagement will increase the likelihood of infection of 
alfalfa by PB. megasperma and result in lower yields. 

b. Chemicals The application of fungicides to control 
reot diseases of alfalfa has been limited due to the cost of 
chemicals and their lack of effectiveness over a number of 
years. For example, the cnly disease in which a fungicide 


was cited for disease control in alfalfa by Graham et al. 


(1972) was spring black stem and leafspot caused by Phoma 
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Sp. Even at that, the chemical was uneconomical and the 
residual effect was unknown. Fungicides such as  Dexon 
(sodium 4-dimethylaminophenyl diazo sulphonate) have been 
used to control fungi in the Phycomycete class (Kreutzer, 
1963). 

The chemical, Dowco 269 (2-chloro-6-methoxy- 
4(trichloromethyl) pyridine) or pyroxchlor, was inhibitory to 
2. megasperma , Ps. cryptogea, P. cinnamomi, and  P. 
Regasperma var. soOjae according to Hoitink and Schmitthenner 
(1975). Dexon was not effective in controlling rhododendron 
root rot caused by P. cinnamomi or root rot of soybean 
caused by P. megasperma var. sojae. But Dowce 269 applied as 
a drench before disease inoculation controlled P. Ccinnamomi 
in the greenhouse. When applied as a fungus treatment, the 
chemical restricted soybean root rot but some stunting of 
the plants cccurred. Dowco 269 did not kill Phytophthora sp. 
in vitro or eradicate Phytophthora from diseased plants. 

Stuteville (1976) applied Dowco 269 to alfalfa seeds 
and evaluated seedling reaction to P. megasperma . The 
fungicide was phytotoxic at the 2% level (based on 
weight/weight basis and expressed as a percentage of the 
seed weight). Dowco 269 increased the percentage of living 
plants of the Phytophthora-resistant cultivar Agate. No 
deleterious effects were observed on nodules of aifalfa. 
This appears to be a promising fungicide fer control of P. 


méegasperma . But Dowco 269 is only preventative in its 


action against the pathogen. 
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Co lant Breeding The primary consequence of selection 
is to change the frequencies of genes affecting ie trait 
upon which selection acts. In this regard, the genetic 
properties cf a population can be aitered by the choice of 
individuals to be used as parents and this constitutes 
selection. However, the initial gene frequency, rate of 
Change in gene frequency, and mode of gene action will 
determine the magnitude and degree of selection response. 
Consequently, Allard (1960) has characterized five seiection 
response patterns. 

Robertson and Reeve (1952) studied the inheritance of 
wing and thorax length in Drosophila melanogaster over 50 
generations. The phenotypic variance of the characters under 
selection increased as an indication of response to 
selection. Sheldon (1963), in discussing selection response 
for body weight in Drosophila melanogaster over 39 
generations, noted respcense to selection continued, not 
reaching a plateau, in the low lines. In the high lines, the 
respense was absent over the selection period since culture 
changes and genotype by environment interactions occurred. 
Falconer (1953) described the response to selection as 
proceeding regularly, showing no sign of plateauing in a 
selection experiment for mouse size over 11 generations. 
Woodworth et al. (1952) presented data on fifty generations 
of selection for protein and oil in corn. The response was 
slow and steady with a gradual shifting of the population 


means in both the high and low protein and oil. For each of 
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these studies, except Falconer (1953), the major divergence 
between high and low lines for the characters selected 
generally began at generation five. In all the studies, 
genetic variability did not decrease and the slow, steady 
response to selection over a number of generations is the 
first such selection pattern (Allard, 1960). 

The lack of response to selection in corn for lower oil 
content after 25 generations (Woodworth et al., 1952) was 
thought to be due to a physiological threshold. This did not 
imply fixation of the genes for low oil content. There also 
may be a complete iack of response tc selection as was 
suggested by Allard (1960). The example mentioned by Allard 
(1960) was selection for yield in corn and the failure of 
selection was attributed to the low heritability of this 
character. 

Mather and Harrison (1949) illustrated another type of 
selection response in Drosophila melanogaster for abdmonial 
Chaetae over at least 100 generations. This type of response 
was in the following form; gain from selection followed by a 
plateau in which there was no response to selection, then a 
gain in selection followed by a plateau. The authors 
ccncluded there was a large amount of hidden genetic 
variability which provided the organism with flexibility or 
potential variability to survive natural selection of 
overall fitness. This flexibility was counterbalanced by 
free genetic variability which was released by segregation 


as a result of directional or artificial selection. 
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The last type of response to selection is one which is 
most likely to occur in breeding resistance to diseases. The 
response is initially rapid followed by a period of slow 
progress (Allard, 1960). The reasoning thought to explain 
this response is fixation of a smail number of genes which 
have been referred to aS major genes. The slow progress 
results when the major genes have been selected to a point 
of fixation and only changes in the frequency of minor genes 
cccurs. This pattern of selection response is common in 
inheritance of resistance and susceptibility to most fungi 
diseases of wheat, barley, corn, and flax. 

As a result of the control exerted by major genes for 
disease resistance, Flor (1959) proposed a gene-for-gene 
hypothesis which assumes host and pathogen have evolved 
together. In relation to diseases cf aifalfa, this 
hypothesis has not been applied. 

Phenotypic recurrent selection as a method of selection 
has teen widely used to breed resistance to disease in 
alfalfa (Twamley, 1974). The method consists of selecting 
desirabie clones, intercrossing the selections, and using 
the seed for another cycle. The term phenotypic relates to 
resistance being controlled by few genes which are highly 
heritable. Hanson et al. (1972) summarized the results of a 
program using recurrent phenotypic selection for conserving 
germplasm and developing disease resistance. This selection 
methced proved successful for Hanson and his associates. 


Two programs were initiated, one at St. Paul, Minnesota 
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by Frosheiser and Barnes (1973) and the other at Tucson, 
Arizena by Gray et al. (1973) to develop resistance to PB. 
mMegasperma . A greenhouse seedling selection technique 
involving phenotypic recurrent selection and polycross 
progeny evalution was utilized by both groups. Environmental 
effects were snall, heritability high, and gene 
recombination favorable in both selection procedures. This 
was indicated by the response to selection. Frosheiser and 
Barnes (1973) stated the level of resistance went from 10% 
initially to 50% after 2 cycles of selection to 63% after 3 
cycles. Hine et al. (1975) also increased the percentage of 
resistant plants from 15% initially to 60% in 1 cycle to 83% 
after 2 cycles of selection. Thus, phenotypic recurrent 


selection in the greenhouse effectively increased resistance 


Alfalfa disease resistance in most of the studies 
discussed by Kehr et al. (1972) has been conditioned by a 
simply inherited tetrasomic gene. Resistance to P. 
megasperma in alfaifa was also found to be governed by a 
tetrasomically inherited gene with incomplete dominance {Lu 
et al., 1973). Accumulative gene action determined the 
genotypes as follows: highly resistant=nulliplex genotype; 
moderately resistant=simplex genotype; and increasing 
susceptibility=duplex, triplex, and quadruplex. The same 
gene which controlled resistance in alfalfa of Turkestan 


origin controlied resistance in winter-dormant cultivars 


such as Vernal. This simply inherited trait was eludicated 
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using a diallel, selfing, and testcrossing so that 3 
generations could be observed DP inaieaneonenss Heterozygous 
parents anda small family size of 30 allowed the scheme to 
be quickly completed. 

The mode of resistance to P. megasperma was examined by 
Marks and Mitchell (1971b). Two factors appeared to be 
associated with the resistant reaction which were; first, 
the structure of the central stele and second, a 
hypersensitive reaction observed in cortical ceiis of 
growing root tips. Increased lateral rcot numbers with 
larger steles and clearly defined endodermis contributed 
Significantly to resistance. Secondly, a granular phenolic 
compound was observed in young, living cortical ceiis of 
tolerant cultivars. This material might possibly be a 
phytcalexin as has been reported in soybean (Keen, 1971) in 
the resistant reaction tc P. megasperma var. sojae. This 
hypersensitive reaction wae confirmed by Pratt and Mitchell 
(1975) inoculating resistant and susceptible alfalfa plants 
with zoospcre suspensions of P. megasperma . Smail, iocal, 
necrotic lesions developed in eee ievane plants suggesting 
hypersensitivity. In susceptible plants, tissue collapse and 
death were observed in roots, cotyledons and leaflets. | 

Cultivars resistant to P. megasperma have been 
developed by Frosheiser. and Barnes (1973). The average 
disease severity index of Agate (tested as MnP-A2(Syn. 1)) 


was 2.40 with 63.5% resistant plants. Compare with this, 
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Vernal at 3.87 and 6.2%, Saranac at 3.95 and 5.5%, and 
Lahontan at 2.92 and 36.3% for disease severity and per cent 
resistant plants, respectively. The disease severity was a 
scale of 1 to 5 with 1=no symptoms and 5=plant dead. The per 
cent resistance was based on plants scoring ai and 2 
disease rating. 

Lehman et al. (1969) has licensed 2 germplasm sources 
uUc38 and UC47 with tolerance to P. megasperma . The degree 
cf tclerance, based on a disease rating (0=no disease and 
5=complietely rotted root) and the percentage tolerant plants 
with a disease rating cf 2 or less, were 3.4 and 23.1% for 
Uc37 and 2.9 and 38.3% for the check Lahontan, respectively. 
In another test, the germplasm UC47 had a disease rating of 
4.4 and 14.3% tolerant plants compared to Lahontan with 2.9 
and 32.1% tolerant plants. 

A germplasm release from the Pullman Washington 
Agricultural Station by Elgin (1977) documents the 
percentage resistant plants of WDS3P1 to Phytophthora root 
rot. There were 64% resistant plants in WDS3P1 based on one 
cycle of greenhouse selection; 6% in Vernal; 47% in Agate; 
and 2% in Saranac. Per cent resistance was determined by the 
number of plants scoring a 1 and 2 disease rating. 

Comparison of various cultivars at the St. Paul, 
Minnesota nursery (Frosheiser, 1977) for P. megasperma 
resistance are summarized as follows; Agate-2.70, Grima- 
4.86, Ladak-4.26, Lahonton-3.00, Rambler-4.18, and Vernal- 


4.56. The average disease severity index, following cach 
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cultivar, was based on a scale of 1 to 6 with 1 being no 
symptoms and 6 being a dead plant. 

Various characters are measured and methods used in 
testing plant material for resistance to disease. For 
example, Graham et al. (1965) lists the advantages of making 
selections in the growth chamber ccmpared to field 
selection. Caution must ke exercised that any characters 
measured dco not change when the plants are transplanted to 
the field. If the populations in which selection has been 
practiced are broad-based, no appreciable shift in other 
traits should occur. Hill et al. (1969) confirmed this 
Observation and stated 75 or more plants per cycle of 
selection should be selected to prevent inbreeding 
depression. 

In looking at the characters to study, Carnahan (1963) 
evaluated reciprocal differences in alfalfa for maternal 
effects in seedling height and yield. They appeared to be 
ccentrolled by the nucleus rather than the cytoplasm. 

Devine and McMurtrey (1975) correlated disease rating 
(l=low frequency, 9=high frequency of diseased plants) with 
stand count and yield in anthracnose resistant alfalfa 
lines. Disease rating was correlated from 0.06 to 0.65 with 
stand count over 2 years in the field. For yield, the 
correlation ranged from 0.01 to 0.56 in the field data. 
Theurer and Elling (1963) used a disease rating for 
bacterial wilt of alfalfa caused by Corynebacterium 


insidiosum. The rating was based on scale of 0 to 5 with 
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each class representing varying degrees of disease symptoms. 
Class 0 was no evidence of wilt while 5 was a very severe 
infection. The phenotypic correlation (r=0.61) between each 
cf the synthetics and their single crosses was highly 
Significant. 

Frosheiser and Barnes (1973) found Significant 
cerrelaticns of r=-0.979 and r=-0.865 for forage yield and 
average disease severity index. The disease severity index 
was determined by an individual score for each plant (1=no 
symptoms, 5 and 6=dead plants) in the fieid. Lueschen et al. 
(1976) related forage yield to infection and injury caused 
by P. megasperma as did Frosheiser and Barnes (1973). 
Lueschen and associates assumed in noninoculated field plots 
with natural rainfall that P. megasperma was causing the 
damage. This damage was reflected in the lower yields of 
susceptible cultivars compared to the resistant lines. 

Berkenkamp and Baenziger (1969) found percent survival, 
which was estimated visually, was correlated with lesioning 
cf the roots (r=0.73) in sweetclover. The lesions were 
indication of resistance to the pathogen. 

Combining ability has been used as a method to evaluate 
alfalfa clenes for their behavior in combination with other 
clones (Bolton, 1948). Sprague and Tatum (1942) stated 
general combining ability (GCA) represented additive genetic 
variation while specific combining ability (SCA) referred to 


dominance effects, epistatic effects, and genotype by 
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environment interactions (Rojas and Sprague, 1952). These 
authors (Sprague and Tatum, 1942) defined GCA as the average 
performance of a line in hybrid combination and SCA as 
performance of certain crosses which do better or worse than 
the average performance of the lines. In unselected 
material, the GCA variance or additive effects were greater 
than the SCA variance or nonadditive effects. If lines are 
selected for high GCA, then the component of variance for 
SCA may exceed that for GCA. This is due to the greater 
degree of resemblance between selected lines compared to the 
unselected material. 

The importance of GCA and SCA for diallel crosses of 
alfalfa depends upon the choice of parental clones. For 
unselected material, the GCA variance has been found to be 
more important than the variance for SCA (Pearson and 
Elling, 1960; Carnahan et al., 1962). In contrast, Singh and 
Lesins found the significant SCA variance was greater than 
the GCA variance and genotypic variance was largely non- 
additive. But the clones evaluated in Singh and Lesins'* 
(1971) study had been previously selected. The merits of 
both types of results are useful from the standpoint that 
clones with high GCA effects can be used to form a synthetic 
cultivar of a number of clones. Or, any 2 parents with 
consistently high SCA effects can be used to form a 2-clone 
hybrid. 

Heritability estimates have been used to determine the 


relationship between the phenotype and genotype. These 
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estimates are relative only to the populations and 
environmental conditions in which they were derived. Various 
procedures have been utilized such as analysis of variance 
and regression to estimate the amount of genetic variation. 
In the analysis of variance (Falconer, 1960), the genotypic 
variance which includes additive, dominant, and epistatic 
gentic variance is expressed as a ratio of the environmental 
cr phenotypic variance. Preceding further, as in the diallel 
(Gardner, 1963), the analysis of variance frovides estimates 
of heritability in the broad sense which includes additive, 
dominance and epistatic genetic variances and the narrow 
sense which is additive genetic variance. 

The second technique relies on regressing the ofispring 
cn the parent as proposed by Lush (1940). This method 
includes additive, digenic, and heritable portions of 
epistatic variance with appropriate coefficients and is a 
superior method for predicting gain from selection (Swanson 
et al., 1974). Swanson and colleagues considered parent- 
offspring regression as the best estimate of narrow sense 
heritability in an autotetraploid such as alfalfa. 

Broad sense heritability estimates are usually high in 
alfalfa as Dudley et al. (1963) reported them to be 59% to 
80% for resistance to rust in alfalfa. Carnahan et al. 
(1962), in a study of common leafspot resistance in alfalfa, 
found the broad sense heritability to be 64%. Devine et al. 
(1971) stated resistance to anthracnose in alfalfa was 


highly heritable. These estimates of broad sense 
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heritability imply genotypic variability exists and progress 


in selection can be accomplished. 
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MATERIALS AND METHODS 


The materials used as sources of resistant and 
susceptible genotypes were cultivars of MM. media -Beaver 
(2B), Grimm (G), Roamer (R), and Vernal (V). Susceptible 
genotypes were designated by 'P*. Cycle 0 refers to the 
unselected plants while cycle 1, 2, and 3 refer to three 
cycles of selection for resistance or susceptibility to 
alfalfa sickness. For example, 2VP16A would designate a 
Vernal plant cr progeny in the second cycle of selection 
that is susceptible. The 16A is an arbitary number given the 
Original genotypes from cycle 0. In the growth room tests, 
Beaver was the check cultivar used. The cultivars which 
acted as checks in all the field tests were Beaver, Grimn, 
Reamer, and Vernal. The check cultivar Agate (Barnes et al., 
1973) was included in strain test 1 and the observational 
strain test. The cultivars in the field were replicated 
eight times in lattice strain test 1 and 2 while in strain 
test 1, the cultivars were replicated four times. This 


increased replication of the cultivars provided a more 


accurate comparison with the genotypes. 


2. Methods 


To achieve our objectives, eight growth room tests were 
undertaken to study the control of the alfalfa sickness 
pathogen by chemical and physical treatments. Three growth 


room tests and five field tests were directed at examining 
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the control of the alfalfa sickness pathogen by plant 
breeding. The tests, their location, replication, and 
experimental design are listed in Table 2. 

a. Growth Room The growth room in which the tests were 
undertaken was maintained at approximately 18°C. Lighting 
for 20 hours per day was provided by florescent bulbs which 
supplied about 21,500 lux at approximately 45 cm above the 
pets. Plastic pots were closed at the bottem to prevent the 
less of any possible toxic substance which might be 
associated with the disease. The pots were 17 cm in diameter 
and contained about 1,800 g of soil when filled to about 2 
cm below the rin. 

The bioassays utilized in the growth room tests were 
sick soil and isolates of organisms from sick soil. Sick 
soil was obtained from areas known tc induce alfalfa 
sickness; namely, an area near Breton, Alberta, and later, a 
site at Spruce Grove, Alberta selected for the field tests. 
Uninfected soil was collected from the Edmonton Research 
Station (Parkland Farm); and a virgin soil from Breton, 
Alberta. Individual soil samples were taken to a depth of 15 
cm below the surface from several locations within a 
sixteenth of a ha, and were combined. This composite sample 
was passed through a 0.6 cm wide mesh screen, and then was 
tiloreng lay mixed and stored in plastic bags until needed. A 
portion of the composite sample which was at field moisture 
capacity was steam pasteurized at 1.2 kg per cm? for 30 


minutes at 120°C, and stored in plastic bags. Fertilizer was 
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added before potting by mixing 1.5 g of 10-30-10 with the 
soil in a plastic bag. Commercial inoculum of Rhizobium 
fNeliloti was spread on the soil surface of the pot 
immediately after planting. The field moisture capacities 
were determined and these values were used to decide the 
amount of water to add to each pot before planting. After 
planting, water was applied every second day to bring the 
pots back to field capacity. Sick soil used in the time of 
infection test, fungicide test 1, and second cycle strain 
test was collected from the field in November, 1975. Sick 
soil for the other growth room tests was obtained in July of 
1976 except for the diallel strain test which was coilected 
in October, 1976. 

The second type of bioassay, used only in the 
inoculation test, was isolates, labelled Fé, F9, and F16, of 
pathcgens responsible for aifaifa sickness according to 
Damirgie) etoval.7, 901976. (uStoekstecultures® iof Phytophthora 
megasperma, numbers 446, 844, and 892 were obtained fron 
Erwin (1976). Mats of the isolates and stock culture were 
grown cn fotato dextrose agar medium for 8 to 10 days and 
then removed, pooled, and water added. The mixture was 
ground in a biender to form a paste of which forty mls of 
this paste inoculum was poured on the moist surface of 
pasteurized soil in each pot. 

Lime, in the form of finely ground calcium carbonate, 
was added to those scil samples that showed an acid 


reaction. Such treatment was given to soils from soil tests 
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1 and 2, fungicide tests 1 and 2, and the second cycle 
strain test. The application rate was determined by weighing 
50 g of air-dry soil into a waxed paper cup, adding lime and 
mixing well, and bringing to a moist capacity. The soil was 
left for a week before the pH was determined. Treatments for 
each soil in the growth room tests listed above were no lime 
qcontrol); 720 kg per ha; 1440 kg per ha; 2160 kg per ha; 
and 2880 kg per ha. These liming rates were intended to 
correct the acidity by raising the pH to 7.0. However the 
high rate of lime (2880 kg per ha) was not always sufficient 
to increase pH to neutrality. To overcome this problem a 
graph of the lime rates and pH values was plotted so that 
the lime rate could be extrapolated to pH 7.0. Thus, soil 
moisture, soil fertility, and pH were corrected to optimum 
levels so as not to confound response to these factors with 
respcense to alfalfa sickness. 

The growth room tests involved germinating scarified 
alfalfa seeds on moist filter paper in petri dishes. Fifteen 
to seventeen seedlings’ per pot were planted when the radicle 
was half a centimeter in length. The tests were terminated 
at 35 to 40 days when the alfalfa seedlings were 15 to 40 cm 
in height. 

b. Field The area chosen for field tests was selected 
cn the basis of data from soil test 1 indicating alfalfa 
sick soil. The field site, 774 meters above sea level, is 
approximately 16 km west of Edmonton, Alberta on the south 


€ast quarter of 16-53-27 W4. The soil type is a chernozen 
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which is within the black great group (Bowser et al., 1962). 
It is a sandy loam composed of 75% Peace Hills fine sandy 
leam and 25% Ponoka loam. The topography of the land is 
undulating and depressional with a slight knoll sloping to 
the north. Previous cropping history of this area was oats 
threshed fcr grain for the past 3 years. The preceding crop 
was alfalfa which was cut for hay. The alfalfa stand was 5 
years old when it was decided due to a declining, unthrifty 
stand that it should be plowed under in favor of a more 
profitable crop. 

Physical characteristics of the soil selected for the 
field site are tabulated in Appendix 1. The field area was 
sampled on August 18, 1976 and the soil samples marked ‘J! 
were collected from an area immediately adjacent to the 
field site. This area adjoining the field site had been 
fertilized with 67 kg per ha of 11-55-0 before alfalfa was 
undersown with.a crop of barley. The nitrogen and phosphorus 
levels were adequate but potassium was low for sample 
numbers 1, 11, and 12. Sulphur was moderately low for most 
of the soil samples. No free lime or sulphates were detected 
and only a trace of sodium was found in all samples. The pH 
of the soil samples was slightly acidic. 

Weather data were analyzed for the past 10 years for 
the field study site at Spruce Grove, Alberta (Appendix 2). 
The average rainfall was 30.5 cm for May through August 
while the mean temperature was 14.8°C for the same period. 


Simple correlation coefficients between rainfali and 
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temperature were low and not significant (r=-0.21 to 0.06). 
Correlations between temperature and time (r=-0. 44 to 0.09) 
were also nonsignificant but the correlation between 
rainfali and time (r=0.77) was highly significant. 

The field site was double disced, harrowed, rotovated, 
and packed prior to seeding. To eliminate fertility effects, 
224 kg of 11-55-0 per ha and 224 kg per ha of 0-45-00 were 
broadcast with a cyclone spreader on May 13, 1976. 

The alfalfa seed was scarified and commercial inoculum 
of Rhizobium meliloti was added to the seed before planting. 
Hand pushed V-belt seeders were used to sow the seed to a 
depth of one and half cm at 25 seeds per 30 cm on May 14, 
1976. Water was applied by sprinkler irrigation May 28, 1976 
while hand weeding of the plot was undertaken on June 14, 
1976 and July 19, 1976. The plot was sprayed June 25, 1976 
with MCPA amine 80 ((4-chloro-o-tolyl) oxyacetic acid) at 210 
g active ingredient per ha. 

The agronomic characters of alfalfa chosen for 
evaluation of the effect of the disease pathogen on the 
plant were the following: 

1) plant height, 

2) plant stand, 

3) stand survival, 

4) disease rating, 

5) performance rating, and 
6) yield. 


Plant height in the growth room was measured in cm from 
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the cotyledonary node to the tip of the plant's leaves for 
each plant. Height, in cn, ahs measured from ae soil 
surface to the leaf tips in each row on September 9, 1976 
and June 17, 1977 for all field tests. The plant height 
assessed in the field September 9, 1976 in strain test 1 was 
the mean of 2 measurements per single row. 

The pliant stand was a rating on all field tests August 
3, 1976 using a ruler to determine the number of gaps 10 cm 
cr larger per row. A score of 1 to 9 was used with 1 meaning 
no gaps or a complete stand and 9 indicating 9 or more gaps 
per row. This rating was used to adjust yield data taken 
from the field tests in 1976 and 1977. Stand survival in the 
growth room was a count of the number of plants per pot one 
week after planting for soil test 1. 

The disease rating was a visual examination of the 
reots of each alfalfa plant under a stereo-microscope. The 
plants with roots intact were soaked about 15 minutes in a 
water bath, then the soil was washed off the roots with 
running water. The roots were rated on a scale of 1 to 5 
with 1 being clean, healthy moots and 5 being a dead plant. 
The ratings 2, 3, and 4 were intermediate with 2 being roots 
with slight browning and lesions; 3, roots exhibiting 
brownish, well-defined lesions; and 4, browned, girdled 
roots with severe lesioning. This scheme of rating symptoms 
was based on other alfalfa disease studies (Frosheiser and 
Barnes, 1973; Gray et al. 1973). Rating classes 1 and 2 


would indicate resistance while classes 3, 4, and 5 would be 
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susceptible to alfalfa sickness. The disease rating was 
measured on all plants in each growth room test except soil 
test 1. For strain test 2, 10 randomly selected plants in 
each row were uprooted to a depth of 20 to 30 cm and rated 
in the field. The disease rating for strain test 2 was 
carried out on August 5, 1976. 

The disease rating used in scoring root reaction to 
alfalfa sickness in cycles 0 and 1 in the growth room was 
different. No class 5 rating existed however the procedure 
followed was identical to the method of rating described 
akove. 

The performance rating for strain test 1 was a measure 
of the vigor, productivity, and general appearance of the 
stand in a row. The field rating was based on a scale of 1 
tc 5 with 1 being an unproductive, unthrifty stand and class 
5 being a complete stand with vigorous, healthy growth. 
Ratingsy 27y963;esand) 4 were intermediate classes of 
productivity and thriftness of the stand. An average of 
three individual, independent assessments of the stand in 
each row was taken on August 19, 1976. 

Yield for growth room tests was measured on a grams per 
pot basis. The material was air-dried in paper bags for 48 
hours at 48°C. For soil test 1 and the second cycle 
selection test, the material above the cotyledonary node was 
dried and weighed while in fungicide test 1 and the time of 
infection test the roots of the plants were used for yield. 


In the remaining growth room tests, the whole plant 
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(toptroot) was weighed fer yield. 

Strain test 1 was harvested 2ou yield October 25, 1976 
using a sickle mower while all the field tests were cut with 
a Mott mower in 1977. In 1976, the cut material from an 
entire row was placed in a cotton sack, air dried for 48 
hours at 48°C, and weighed to the nearest gram. Due to the 
limited drying facilities and substantial green yield, a 
different procedure was followed when the field tests were 
cut on June 20, 1977. A 300 gm subsample of the weed-free 
green yield from each row was taken and dried for 48 hours 
at 48°C. The dry weight of the subsample was used to 
caiculate the grams of dry matter per row. No winterkill was 
evident after the 1976-77 winter and establishment of the 
field site was successful. 

c. Pathogen Soil test 1 was concerned with identifying 
an area affected with alfaifa sickness for a field site and 
studying physical control of the pathogen by heat and pH. 
The test was a split plot with the soil samples treated as 
main plots and the control treatments as subplots. The 
control treatments included ageaunizeviaws pasteurized- 
limed, nonpasteurized, and nonpasteurized-limed. 

The second soil test, soil test 2, was an assessment of 
the soil from the proposed field site for the presence of 
alfalfa sickness. The effect of pasteurization was also 
examined as a means of pathogen control. Five locations were 


sampled within the field site. 


The U.S. soil test was an observation test in which 
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soils from different geographic areas purported to be 
infected with P. megasperma were imported and Syasidanda at 
the Edmontcn Research Station (Parkland Farm). A comparison 
of the symptoms exhibited by Beaver alfalfa infected with P. 
megasperma and alfalfa sickness was the object of this 
particular test. There were limited quantities of soil 
available to pot, making a replicated trial impossible. The 
soils from P. megasperma infected areas were: Ottawa, 
Ontario, Canada! ;East Lasing, Michigan, U.S.A.2 ;St. Paul, 
Minnesota, U.S.A.3 ;Davis, California, U.S.A.* . 

To determine the initiation and progress of alfalfa 
sickness with a view for knowing when control would be 
appropriate, diseased roots were examined weekly over a 
seven week period. This was the purpose of the time of 
infection test. Regression technigues were used to predict 
the relationship between time and height, and time and 
disease rating. These functional relationships provided 
information about the effect of the disease on alfalfa over 
time. 


The second bioassay method which consisted of isolates 


of the alfalfa sickness organism and Ps. Mmegasperma was 


1 Chi, C.C. 1976. Research Branch, Ottawa Research Station, 


Ottawa, Ontario, Canada. 

2 Tesar, M.B. 1976. Department of Crop and Soil Science, 
Michigan State Univ., East Lasing, Michigan, U.S.A.. 

3 Frosheiser, F.I. 1976. Department of Plant Pathology, 
Univ. of Minnesota, St. Faul, Minnesota, U.S.A.. 

@ Stanford, E.H. 1976. Department of Agronomy and Range 
Science, Univ. of California, Davis, California, U.S.A.. 
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utilized in the inoculation test. This test was undertaken 
with the idea that a technique could be jeaciepsd £OG 
evaluating alfalfa genotypes grown in inoculated soil in the 
growth room. No infection of alfalfa by the alfalfa sickness 
organism in potted soils had been investigated before this 
present test. Furthermore, a comparison of the response of 
resistant and susceptible genotypes in pasteurized sick soil 
was the third aim of this inoculation test. Two resistant 
(1V12, 2V96), and two susceptible (1GP130, 1RP188) genotypes 
plus Beaver were planted in the pasteurized inoculated and 
pasteurized ncninoculated sick soil. 

The effects of chemical control of alfalfa sickness 
were investigated in fungicide test 1 and 2, and the strain 
+ fungicide test. The fungicides included Benlate (benomyl), 
Dexcn  (fenaminosulf), Metazoloxon (drazcloxon), and Dowco 
269 (nurelie). The chemicals were applied as drenches to the 
soil surface, mixed in with the soil, or both. Dowco 269 
((2-chloro-6-methoxy 4-(trichloromethyl) pyridine)) was also 
applied as a foliar spray. 

Fungicide test 1 was a prracidumauy test of Dexon and 
Benlate applied as drenches. For fungicide test 2, Dexon, 
and Metazoloxon were applied to the sick scil by (1) mixing 
in with the sick soil, and (2) mixing in with the sick soil 
plus drenching; and for Dowco 269, it was applied to sick 
soil by (1) mixing in with the sick soil, (2) Spraying on 
the foliage, and (3) spraying on the foliage plus drenching. 


This was to determine if the fungicides were effective 
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against alfaifa sickness and if one application method was 
mcre satisfactory than another in controlling the deen agen? 

Finally, the strain + fungicide test was a combination 
of 3 treatments applied to the cultivar Beaver, a resistant 
genotype (1V12), and a susceptible genotype (1GP130). The 
treatments were: (1) Dowco 269 applied as a drench to the 
soil surface, (2) a pasteurized soil check, (3) a sick soil 
check. As well as the chemical control of the pathogen, the 
genetics of the plant may be manipulated to produce a 
Suitable combination of genes for inherited resistance to 
alfalfa sickness. Thus, control of alfalfa sickness by a 
combination of chemicals and heritable resistance may 
provide more protection against alfalfa sickness than either 
chemicals or plant breeding alone. The second intent of the 
strain + fungicide test was to compare resistant plant and 
susceptible plant responses under conditicns which should 
and should not elicit the response. These conditions were 
sick soil and pasteurized sick soil, respectively. 

The fungicide application rates and methods utilized in 
the above tests are described ‘3 follows. Benlate ((methyl- 
1(butylcarbamoyl) -2-benzimidazolecarbamate)), as a 50% 
wettable powder, was applied at the commercial 
recommendation of 10 ounces per 1000 ft2. Dexon (sodium 4- 
dimethylaminophenyl diazo sulphonate), 70% wettable powder, 
was put on at the recommended rate of 10 ounces per 1000 ft? 
in fungicide test 1. In fungicide test 2, the rate was 10 g 


active ingredient (a.i.) per 6 litres of soil for mixing or 
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2 g9a.i. per litre of water for drenching. The Metazoloxon, 
technical product, ((4- (3-chlorophenylhydrazono) -3-methy1-5- 
isoxazolone)) was applied at only recommended dosages due to 
the availability of limited quantities of the product. These 
Tates were 0.18 g a.i.e per litre of soil as a mix and 0.25 g 
aei. per litre of water as a soil drench. Dowco 269 (12% 
aei. emulsifiable concentrate) was put on the soil at 0.2 g 
asi. per litre of water as a drench or foliar spray and 1 g 
aeie per 6 litres of soil as a mix. The recommended 
application rates were determined according to Evans (1976). 

The fungicide drench involved mixing the chemical with 
500 mis of water, then pouring 100 mls of the solution on 
the soil surface of each pot. This was applied weekly (4 
applications) except for Metazoloxon and Dowco 269 which 
were put on bimonthly (2 applications). Dexon and Benlate 
were drenched on the soil surface one week after planting 
whereas Metazoloxon and Dowco 269 were first applied 2 weeks 
after planting. 

To prepare the fungicide mix, the soil and chemical 
were placed in a plastic bag an hour frior to planting. 
After thorough shaking the mixture was weighed back into 
each pot. 

Dowco 269 was applied as a foliar spray by mixing the 
fungicide with 500 mls of water. One hundred mls was sprayed 
on the alfalfa foliage of each pot. The spray was applied 
twice starting 2 weeks after planting. No steps were taken 


to prevent drainage of the Dowco 269 from the foliage into 
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the soil. 

As an added note, Dexon and Benlate are megiet etaa 
products in Canada. Dexon has known activity against 
pythiaceous fungi whereas Benlate has no known activity 
against these fungi. Metazoloxon and Dowco 269 are 
experimental chemicals in Canada however Dowco 269 has 
subsequently been withdrawn as an experimental chemical 
(Evans, 1976). 

d. Plant The criteria for selection in cycles 0, 1, 2, 
and 3 were height and disease rating. The reason for the 
choice of these two traits was due to observations (Bolton, 
1977) that taller plants occurred among alfaifa sick plants 
and upon examination in the laboratory, these taller plants 
had less diseased roots than the plants which appeared sick. 
The seedlings in each cycle of selection were evaluated at 
35 to 40 days of age and eight populations in total for 
cycle 1 were established to represent resistant and 
susceptible groupings of the 4 cultivars originally used in 
cycle 0. For cycles 2 and 3, cultivars were disregarded to 
give only 2 populations, dae resistant and the other 
susceptible. Genotypes from the populations were maintained 
in the growth room to the flowering stage, and polycrossed 
within each population by transferring pollen on a toothpick 
from plant to plant. At maturity the pods were harvested, 
threshed, and stored. The parent plants from the selection 
program were transplanted into a reserve field nursery at 


the Fdmonton Research Station (Parkland Farm). 
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The second cycle strain test was used to evaluate 
genotypes of cycle 2 and to initiate a third orere for 
further testing. This test included 59 resistant genotypes, 
23 susceptible genotypes, and the check cultivars Beaver and 
Agate. From this test, seed of cycle 3 was used to carry out 
the three cycle strain test. 

The three cycle strain test involved appraising a small 
number of genotypes from cycle 1, 2, and 3 with a view to 
extrapolating a trend of selection for the resistant and 
susceptible populations over 3 cyles of selection. The small 
number of genotypes under test was due to the lack of bench 
space in the growth room. 

The determination of the genetic factors governing the 
inheritance of resistance to alfalfa sickness was the object 
of study in the diallel strain test. Two half diallel 
populations were established from first cycle genotypes and 
the parental clones in each diallel were composed of: 

Resistant Diallel - 6 X 6 Diallel cross (Fis only) 

Clone 1 (Vernal, U.S.-) 
Clone 2 (Vernal, U.S.) 
Clone 3 (Beaver, Canada) 
Clone 4 (Beaver, Canada) 
Clone 5 (Vernal, U.S.) 
Clone 6 (Beaver, Canada) 
Susceptible Diallel - 5 X 5 Diallel cross (F1s only) 
Clone 1 (Grimm, U.S.) 


Clone 2 (Beaver, Canada) 
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Clone 3 (Vernal, U.S.) 

Clone 4 (Vernal, U.S.) 

Clone 5 (Vernal, U.S.) 
The origin of the parental clones is indicated in 
parenthesis. 

The five field tests were concerned with the evaluation 
of 373 genotypes in comparison to 4 check cultivars. Of 
these genotypes, 156 were replicated 4 times, 109 twice, and 
108 were observation rows. The genotypes included in each 
test depended on quantities of available seed stock. The 
data in the replicated tests were analyzed according to a 
randomized complete blicck design and, in some cases, the 
lattice design appropriate to the number of entries in each 


test. 


3. Statistics 

The data from the growth room tests and field tests 
were analyzed by analysis of variance (Steel and forrie, 
1960; Cochran and Cox, 1957). A split plot design (Steel and 
Torrie, 1960) was used to analyze the data for lattice 
strain test 1 and 2, and strain test 1. The main plots were 
the genotypes and check cultivars while subplots were years 
(2). The analysis of the diallels in the dialiel strain test 
assumed preselected parents and included only Fis. Thus, 
Griffing’s (1956) method 4 and model 1 was used. 


In each growth room test, height, stand survival, and 


disease rating means per pot represented a replicate while 
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for yield, the total dry matter per pot was considered a 
replicate. Single plant measurements were used’ for the 
diallel strain test but the means per pot were used for 
ccmparing the genotypes. For the field tests, a single row 
was considered a replicate. The dimensions for a row were 
3.3 meters in length for lattice strain test 1 and 1.6 
meters long for the other field tests. Spacing between all 
field rows was 45 cm. 

Means in each growth room test were further analyzed by 
Duncan's multiple range test (Duncan, 1955) at the 5% level 
cf probability. Field test means for strain test 2 were also 
analyzed by Duncan's multiple range test. For the second 
cycle strain test, lattice strain test 1 and 2, and strain 
test 1, the means of the genotypes were compared by the 
least significant difference (LSD) (Steei and Torrie, 1960) 
at the ps0.05 and ps0.01 levels. Means for the resistant 
genotypes, susceptible genotypes, and check cultivars were 
compared using an unpaired t-test (Steel and Torrie, 1960) 
in the second cycle selection test, three cycle selection 
test, diallel strain test, lattice strain test 1 and 2, and 
strain test 1. Simple correlation coefficients (r) (Steel 
and Torrie, 1960) between the agronomic characters were 
reported for each field test and growth room test. A 
coefficient of variability (CV) (Steel and Torrie, 1960) was 
calculated for each variable within each growth room test 


and field test. 


Frequency distributions were plotted for height of the 
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resistant, susceptible, and unselected genotypes over two 
cycles of selection for alfalfa sickness. The difference 
between the height means of cycle 2, and cycle 1 and 0 was 
due to a difference in sick soils used for growing the 
plants of cycle 2 vs cycle 0 and 1. The graphs for height in 
cycle 1 and 2 represent per cent of plants in each height 
class vs the height class. There were unequal sample sizes 
for the resistant, susceptible, and unselected genotypes in 
each cycle. No frequency distributions for disease rating in 
cycles 0, 1, and 2 were illustrated since there was a 
difference in disease rating schemes, and sick soils used 
between cycle 2, and cycle 0 and 1. 

Narrow sense (H2N) heritability was determined for 
height over 2 cycles of selection by Lush's (1940) method of 
parent-offspring regression where H2N=2b(100) and 
b=regression coefficient of open pollinated progenies on 
parental clones. Heritability according to Gardner (1963) 
was calculated in the diallel strain test for broad (HB) 
and narrow (H2N) sense as follows: 

H2B= (4VGCA + 4VSCA) 100/ 4VGCA + 4VSCA + VE 

H2N= (4VGCA) 1007 4VGCA + 4VSCA +tVE 
where VGCA, VSCA, and VE are the general combining ability 
(GCA) variance, specific combining ability (SCA) variance, 
and error (E) variance components, respectively. For the 
second cycle strain test, the broad sense heritabilities 
were calculated by La) ee (1960) methced of partitioning 


the genotypic variance. The genetic coefficient of variation 
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(C¥) was determined by taking the square root of the genetic 
variance, dividing by the population mean, and multiplying 
by 100 (Frakes et al., 1961). 

Simple linear regression equations (Steel and Torrie, 
1960) were determined for the time of infection test. The 
equation took the form of: 

Vii= shee BY 
-¥*= estimated value for Y (dependent variable) 
A = Y intercept 
B'= regression coefficient 
X'= independent variable 
The independent variable was time while height and disease 


rating were the dependent variables. 
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RESULTS 
1. Pathogen 

a. Soil Test 1 Some 20 soils from the vicinity of 
Edmonton, Alberta were assessed for the presence of alfalfa 
sickness and control of the pathogen. The soil sample, 
control treatment, and soil sample by control treatment 
interaction mean squares for height, yield, and stand 
survival were highly significant except for the control 
treathent mean squares in stand survival which was not 
Significant. 

Plants grown in pasteurized soil (Table 3) were 
significantly taller and higher yielding ccmpared to plants 
from nonpasteurized soil and nonpasteurized-limed soil. 
Liming did not Significantly increase piant height or yield 
in pasteurized or nonpasteurized soil. 

Typical alfalfa sickness symptoms were observed on 
plants raised in eight of the twenty nonpasteurized soil 
samples. The mean height and yield of plants growing in the 
unpasteurized soil were 27.0 cm and 2.4 g, respectively. One 
particular soil sample yielded plants in nonpasteurized soil 
with a mean height of 13.6 cm and 0.6 g of dry matter. 
Plants from this soil were significantly lower in mean 


height and yieid compared to plants from the other 


nonpasteurized soil samples. 


be. Soil Test 2 From the analysis of variance, highly 
Significant F-values were obtained for height, yield, and 


disease rating treatment mean sguares. The significant mean 
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Squares for yield and disease rating were attributed to 
inclusion of the pasteurized sick soil treatment. The sick 
soil samples 1to5 (Table 4) from the field site grew 
plants which were lower in height and yield having nore 
diseased roots than plants which were grown in pasteurized 
Sick soil. No significant differences were found for disease 
rating and yield among plants grown in any of the soils 
sampled in the field. The plants from sick soil 1, 2, 3, and 
4 were significantly taller than plants grown in sick soil 5 
(ps0.05) using Duncan's new multiple range test. Apparently, 
sick soil from the field site was essentially uniform in 
causing alfalfa sickness. 

ce U.~Se- Soil Test Observation pots of soils fron 
different geographic areas purported to be infected with P. 
mMégasperma were planted with Beaver alfalfa (Table 5). The 
Ontario soil produced plants with the highest disease 
rating, and lowest yield and height. Plants in the two 
Minnesota scils and California soil were taller, higher 
yielding and less diseased than plants from the Michigan and 
Ontario soils. The average disease rating of 3.29 for plants 
growing in these soils was considerably higher than the 
disease rating of plants growing in alfalfa sick soil 
(2.52). However, the mean yield and height of Beaver grown 
in sick soil was lower than the mean height and yield of 
plants from P. megasperma infected soil. External disease 
symptoms on alfalfa eyes caused by alfalfa sickness and P. 


megasperma appeared similar. However, P,. megasperma caused 
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more external reddening of the alfalfa root tissue. 

d. Time of Infection Test The mean squares of 
treatments were highly significant for height and disease 
rating. Plant height increased significantly (Table 6) from 
2 to 7 weeks but disease ratings of the plants at 5, 6, and 
7 weeks were not significantly different from each other. 
Figure 1 illustrates the increasing height while the disease 
rating has levelled off at 5 weeks. The alfalfa began to 
bloom at 6 weeks and was flowering at 7 weeks. Crown buds 
developed 6 weeks after planting. 

From this time of infection test it was observed that 
the causal agent of alfalfa sickness primarily attacks the 
root tips, noncambial lateral roots, the junction where the 
nencambial lateral roots attach to the tap root, and the 
nodules, if present. On the tap root, some of the emerging 
lateral roots are rotted off completely and a new lateral 
reot was observed being formed adjacent to the destroyed 
one. As well, some of the lateral roots, less than one-half 
cm from the root tip, were entirely girdled. The lateral 
root, in this case, did not have any evidence of lesions or 
browning within the area of girdling. However, on older 
lateral roots, the characteristic browning and lesions were 
observed. This suggests girdling of the lateral roots is 
followed by induction of lesions and browning which indicate 
root tissue collapse. Damirgi et al. (1977) have 


photographed some of these observations and presented them 


in their paper. 
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Nodules developed on about 4- to 5-week-old plants and 
those that were present were small, whitish and contained 
little, if any, leghaemoglcbin. It appeared these nodules 
were ineffective. 

Linear regression equations were calculated between 
disease rating and time, and height and time, and found to 
be highly significant. The equations were: Y'= 1.09 + 0.31X 
and Y®= -6.16 + 5.96X where X is time, Y* is the disease 
rating, and Y" is the height. Eighty-four per cent of the 
total variation between disease rating and time was 
accounted for by the first equation. In the second equation, 
96% of the variation between height and time was explained. 

e. Inoculation Test Pasteurized sick soil, inoculated 
with organisms prepared as the second bioassay, and 
noninoculated pasteurized sick soil were planted with 
different alfalfa genotyres. There were highly significant 
treatment mean square values detected for disease rating 
while mean squares of height and yield were not significant. 

The plants from genotypes growing in pasteurized sick 
soil had clean roots, but were not significantly different 
in height and yield frem plants growing in pasteurized 
inoculated sick soil (fable 7). Plants of the susceptible 
genotype, 1GP130, were taller, but not significantly so, in 
ccmparison to plants of the resistant genotype 2V96 in 
pasteurized sick soil. The resistant genotypes did not 
produce significantly taller, higher yielding plants in 


pasteurized sick soil compared to Beaver plants or plants 
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from the susceptible genotypes. In pasteurized inoculated 
sick soil, the mean disease ratings of the alfalfa genotypes 
were not significantly different from each other. But the 
disease rating was significantly different for plants in 
pasteurized sick soil compared to plants of genotypes 
growing in pasteurized inoculated sick soil. Phytophthora 
species (Cook, 1977) were isolated from plants grown in the 
inoculated pasteurized sick soil. 

f. Fungicide fest 1 The results from a test of two 
fungicides, Dexon and Benlate, are presented in Table 8. 
Highly Significant mean squares in all three of the 
agronomic characters studied were obtained. Plants growing 
in pasteurized sick soil were taller with clean roots and 
higher yields than plants growing in the ncenpasteurized sick 
sceil or in sick soil treated with fungicide. The fungicide 
treated soil did not yield plants which were significantly 
different in height, disease rating or yield from plants 
growing in nonpasteurized sick soil. Plants from Dexon 
treated soil were slightly less diseased with alfalfa 
sickness, although not significantly, compared to plants 
from the nonpasteurized sick soil. 

ge Fungicide Test 2 The fungicide test reported in 
Table 9 included Dexon, Metazoloxon, and Dowco 2609 each 
applied to sick soil. The mean squares of the treatments 
were highly significant for the plant characters measured. 

Mixing Dowco 269 Giito sick soil and mixing plus 


spraying resulted in plants with significantly lower disease 
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ratings compared to plants in nonpasteurized sick soil 
(Table 9). The plants from Dowco 269 treated sick ‘soil were 
Significantly higher yielding for the soil mix than plants 
from unpasteurized sick soil. The Dowco 269 spray treatment 
was not as effective as mixing or spraying plus drench since 
the plants were more diseased and lower yielding when only 
sprayed. No significant height differences were obtained for 
plants from Dowco 269 treated soil compared to plants in 
nonpasteurized sick soil. Roots from plants in the Dowco 269 
soil except the spray treatment were as white and clean as 
reots from plants grown in the pasteurized sick soil. There 
were no visual effects of Dowco 269 or Metaizoloxon on the 
alfalfa nodules. 

Plants grown in the Metazoloxon treated sick soil had 
browning and lesions on the roots but the disease rating was 
lower compared to plants grown in nonpasteurized sick soil 
(Table 9). In Metazoloxon treated sick soil, plant height 
and yield were not significantly lower than plants grown in 
unpasteurized sick soil. Plants, from sick soil applied with 
Metazoloxon, were not significantly different in mean yield, 
height, or disease rating for either of the application 
methcds. 

The disease rating cf 4 which was given to plants grown 
in Dexon treated soil was based on a small, stunted root 
system and very necrotic lateral roots (Table 9). No nodules 
were observed on any of the plant roots from Dexon treated 


scil. Plants grown in soil to which Dexon had been applied 
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were lowest in yield and height, and no_ significant 
difference existed in mean height, yield, cr disease rating 
between plants grown in Dexon soil mix or Dexon soil mix 
plus drench. One last result was the significant difference 
between plants grown in pasteurized sick soil in which they 
had clean roots, high yields, and were tall compared to 
plants from ali the other fungicide treatments and the 
unpasteurized sick soil treatment. 

h. Strain + Fungicide Test The mean squares were 
Significant for height, yield, and disease rating. The roots 
of the plants for the three genotypes grown in the Dowco 269 
treated sick soil were rated clean and were significantly 
different from plants of the same genotypes growing in 
nenpasteurized sick soil (Table 10). Plants of the genotype 
1V12 yielded significantly more in Dowcce 269 sick soil 
compared to nonpasteurized sick soil. There was no 
significant difference between the mean height of plants of 
€ach genotype grown ir Dowco 269 sick soil compared to 
nenpasteurized sick soil. The plants from each genotype were 
Significantly higher in mean height, and yield, and lower in 
mean disease rating when grown in pasteurized sick soil vs 
nonpasteurized sick soil. No significant differences were 
detected between 1V¥12 plants grown in either pasteurized 
sick soil or Dowco 269 sick soil for height, yield, or 
disease rating. However, for the other 2 genotypes the 
plants were taller and higher yielding when grown in 


pasteurized sick soil as compared to the Dowco 269 sick 
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soil. 

The plants of 1G£130 grown in pasteurized ‘sick soil 
illustrated that the susceptible genotype could yieid as 
much as plants of the resistant genotype 1V¥12 (Table 10). 
However, when plants of 1V¥12 and 1GP130 were grown in 
nonpasteurized sick soil, the means of plants for the 
resistant genotype were significantly different in height 
(27%), disease rating (-22%), and yield (35%) compared to 
the mean of plants from the susceptible genotype. The means 
of the resistant genotypes were also significantly greater 
in height (15%) and disease rating (-23%) relative to the 


mean of Beaver plants. 


ae Second Cycle Selection Test Highly significant 
genotype mean squares for height, yield, and disease rating 
were found. The mean for plants from the resistant genotypes 
was greater by 11% for height, 18% for yield, and 10% less 
for disease rating compared to the mean of plants from the 
susceptible genotypes (Table 11). These mean diffences were 
significant at the 1% probability level for height and 
disease rating whereas the yield difference was significant 
at the 5% probability level. The mean of the resistant 
genotypes was 11% higher than the mean of the Beaver 
genotype and this difference was Significant at ps0.05. The 


range of mean yields and disease ratings was broader for 


plants from the resistant genotypes as compared to plants 
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from the susceptible genctypes. 

The genotype, 2V96, was the most outstanding since this 
genotype had the highest yielding plants with a low disease 
rating (Appendix 3). The susceptible genotype, 2VP60, had 
the shortest, lowest yielding plants while plants of the 
resistant genotype, 2V44A, were the Ilcewest in disease 
rating. The cultivars Beaver and Agate, planted in 
nonpasteurized sick soil, did not perform as well as a 
Number of the resistant genotypes (2V96, 2V102, 2V12) in 
yield and disease rating. Beaver plants grown in pasteurized 
sick soil outperformed all of the genotypes in height, 
yield, and disease rating. 

t 


ain Test A test of lines resistant 


b. Zhree Cycle § 
and susceptible to alfalfa sickness from 3 cycles of 
selection is presented in Table 12. Highly significant 
genotype mean squares were found for height, yield, and 
disease rating. The mean of all resistant genoytpes 
indicated the plants were significantly taller, less 
diseased, and yieided more in comparison to the mean of 
plants from all the susceptible genotypes. These significant 
mean differences (p<0.05) were 39% (height), -14% (disease 
rating), and 80% (yield). 

In the resistant genotypes, the mean of plants from 
cycles 1, 2, and 3 were not significantly different from 
each other in height, disease rating, and yield (Table 12). 
Means of cycle 2 and 3 in the resistant genotypes were 


significantly different (ps0.05) in height from the means of 
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plants in cycle 1 and 3 of the susceptible genotypes. 
Genotypes 1¥12 and 2V102 produced plants which were 
Significantly taller (11%), less diseased (-22%), and higher 
yielding (160%) than plants from 2GP130 and 3GP130. The 
range of mean heights, yields, and disease rating was 
greater for plants of the resistant genctypes compared to 
plants of the susceptible genotypes. Beaver grown in the 
pasteurized sick soil, produced the highest yielding, 
tallest plants with clean roots. 

c. Diallel Strain Test Progenies from a six by six 
diallel of resistant genotypes, and susceptible genotypes 
from a five by five dialleil were tested and the results 
presented in Table 13. The mean squares were highly 
Significant for the genotypes in height, yield, and disease 
rating. Mean disease rating (-26%), yield (107%), and height 
(388) of plants in the resistant diallei were significantly 
different (ps0.01) compared to plants from the susceptible 
diallel. 

Plants of the crosses 1¥12 by 1B179, 1B179 by 1V9, and 
1B152 by 1V9 were taller, higher yielding and had a lower 
average disease rating (2.22) in comparison to Beaver plants 
and other resistant and susceptible crosses (Table 13). The 
resistant crosses 1¥57 by 1B152 and 1V57 by 18103 had 
shorter and more diseased plants than plants from the rest 
of the resistant crosses. Plants of two genotypes, a second 
cycle (2V96) and a third cycle (3V102C), were significantly 


different from each other in disease rating. 
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Within the susceptible diallel, plants of the crosses 
1GP130 by 1VP17 and 1BP113 by 1VP62 were the highest 
yielding and least diseased (Table 13). The cross in the 
susceptible diallel which had the shortest, lowest yielding 
plants and a poor disease rating was 1VP17 by 1VP58. Plants 
of the susceptible genotype, 1GP130, were less diseased, 
taller, and produced more yield compared to the mean disease 
rating, height, and yield of plants from the susceptible 
diallei. Beaver alfalfa grown in the pasteurized sick soil 
had clean roots and the highest yield. 

Mean sSguares calculated in the analysis of height and 
disease rating for the resistant and susceptible diailels 
are given in Table 14. The highly significant general 
combining ability (GCA) mean square is larger than the 
highly significant specific combining ability (SCA) mean 
Sqdane in the resistant diallel for height and disease 
rating. In the susceptible diallel, the significant SCA mean 
square is equal to the GCA mean square for the character 
height and larger than GCA for disease rating. 

The estimates of combining ability (Table 15) show that 
genotypes 1B179 and 1V9 in the resistant diallel would be 
gcod combiners as parents based on the estimates of GCA 
effects. If 1V57 were used as a parent, it would be a poor 
general combiner in a multiclone synthetic since short, 
diseased plants would be produced. In the susceptible 
diallel, short plants with diseased roots would be obtained 


by making crosses with 1VP58 as a parent. However, crosses 
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with 1GP130 as a parent in a synthetic of many clones’ would 
be desirable Since this good general combiner would 
propagate tall plants with little disease. The susceptible 
cross 1VP17 by 1VP58 would be a suitable 2-clone hybrid 
according to the estimates of SCA effects as short, diseased 
plants would result. The cross 1V12 by 1V57 should be a good 
specific combination due to a high positive SCA effect for 
height and high negative SCA effect for disease rating. 

A comparison of the resistant and susceptible genotypes 
averaged over 3 cycles of selection with unselected Beaver 
is presented in Table 16. The resistant genotype mean was 9% 
higher than the Beaver genotype mean and 26% higher than the 
Susceptible genotype mean in height. For yield, the mean of 
the resistant genotypes was 19% and 54% greater than the 
Beaver and susceptible genotype means, respectively. In 
ddisedse rating, the resistant genotype mean was 8% and 16% 
less than the Beaver and susceptible genotype means, 
respectively. 

d. Lattice Strain fest 1 The 1976 and 1977 data 
indicated highly significant differences existed among 
individual genotypes in mean heights, yields, and 
performance ratings. The mean squares of the individual 
genotypes for the lattice design was highly significant but 
the lattice design did net provide any gain in accuracy for 
the characters analyzed over the randomized complete block 
design. Thus, the randomized complete block design was used 


in evaluating the results. Means of the genotypes averaged 
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over 2 cycles of selecticn are presented in Table 17 for the 
Characters measured in 1976 and 1977. The range of'means in 
the resistant genotypes for the agronomic characters studied 
was wider than either the range of means in the susceptible 
Or cultivar genotypes. The genotype mean of the resistant 
plants was higher in yield, height, and performance rating, 
but not significantly so, compared to the mean of plants 
from either susceptible genotypes or cultivar genotypes. 

The mean of plants from 2R163 and 1B29 was 
Significantly greater than the mean of plants from 1GP130 
and 1VP17 in height (1976-11%), yield (1976-77%, 1977-70%), 
and performance rating (35%) (Appendix 4). The mean of 
plants from these genctypes (2B66A, 1B24, 1829, 2R163, 
ZB106, 1V57, 1B73, 2B76, 1B110, 2V¥13) was higher than the 
mean of the eT genotypes by 6%, 4%, 34%, 28%, and 
20% in height 1976, 1977; yield 1976, 19773; and performance 
rating, respectively. Compared to the mean of plants from 
the cultivar genotypes, these differences were even greater 
except for yield in 1977. 

e. Lattice Strain Test 2 When analyzed as a randomized 
complete block design, highly significant individual 
genotype mean squares were found for height in 1976 and 
1977, and yield in 1977. The rectangular lattice design 
increased accuracy over the randomized complete block design 
(100%) by 145% and 114% for height in 1976 and 1977, 
respectively. Thus, height means have been adjusted 


according to the lattice design analysis. The lattice design 
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was not any more effective than the randomized complete 
block design for yield in 1977 and the 1977 yield means are 
presented as being analyzed by the randcmized complete block 
design. The means of plants from resistant, susceptibie, and 
cultivar genotypes averaged over 2 cycles of selection were 
not significantly different from each other in height for 
1976 and 1977 and in yield (Table 18). 

The mean of plants from the following resistant 
genotypes (Appendix 5) - 2V8, 1G20, 2V99A, 2V62A, 26158 - 
was 10% and 9% higher for height in 1976 and 1977, and 54% 
greater for yield compared to the mean of plants from the 
susceptible genotypes (2VP54, 1VP58, 2VP43, 1GP133, 1GP21). 
In contrast to the mean of the cultivar plants, the 
resistant genotype mean of those plants was 4%, 3%, and 9% 
higher for 1976 height, 1977 height, and yield respectively. 
Plants from the genotype, 1G20, were significantly higher 
than 1GP21 plants in height (1976-33%, 1977-15%), and yield 
(76%) . 

f. Strain Test 1 The randomized complete block design 
analysis for height in 1976 and 1977 and yield in 1977 
indicated significant mean squares for individual genotypes. 
The lattice design did not improve the accuracy of the 
genotype mean squares over the randomized complete block 
design for any of the agronomic characters studied. Thus, 
results from the data were presented as being analyzed by 
the randomized eyaniste block design. No Significant 


differences were detected among the means of plants from 
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resistant, susceptible, or cultivar genotypes (Table 19). 

The mean of plants from the resistant genotypes (2V56A, 
2V51, 2B75A, 2B110, 2B74, 2B108A) was above the mean of 
plants from the susceptible genotypes 1VP51, 1VP60, 1VP19, 
1GP20, 1RP1, and 1RP62 by 22% and 20% in height for 1976 and 
1977, respectively, and 130% for yield in 1977 (Appendix 6). 
For these same resistant genotypes, their mean was larger 
than the mean of plants from the cultivar genotypes by 4% 
and 5% in height for 1976 and 1977 and 45% in yield. The 
genotype, 2V56A, was a superior line since its plants were 
tall and high yieiding. In contrast, plants from 1VP19 were 
short and low yielding. 

ge Strain Test 2 Highly significant mean squares for 
individual genotypes were obtained for the 2 characters 
measured. The mean of plants from resistant genotypes (Table 
20) averaged over 2 cycles of selection was significantly 
less diseased (3%) than the mean of plants from either the 
susceptible genotypes or cultivar genotypes. The range of 
mean heights and disease ratings was widest for plants from 
the resistant genotypes, next the susceptible genotypes, and 
last, the cultivar genotypes. Plants of the resistant 
genotype 2V96 were significantly taller by 18% and had 13% 
less diseased roots than plants of the susceptible genotype 
2VP98. The mean disease rating of Beaver plants in strain 
test 2 (2.73) (Table 20) was comparable to the growth roon 
tests in which Beaver pian ts were rated 2.71 (Table 16). 


Initial field infection in strain test 2 was observed 
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to occur a month-and-a-half after seeding at which time the 
plants were 10 cm tail and the roots 8 to 10 cm long. There 
was infection on the root tips and lateral noncambial roots. 
Observation of plant roots to a depth of 15 to 20 cm in 
strain test 2 following the overwintering period revealed 
the lateral noncambial roots to be completely rotted 
althcugh no lesions were observed on the tap root. It was 
also observed in the area adjacent to the field site that 
alfalfa was more severely affected by alfalfa sickness than 
check cultivars in the field tests. The alfalfa in the area 
adjoining the field site had been undersown with barley and 
ne control of weeds was practiced in the establishment year 
and second year. 

| he. Observational Strain Test This unreplicated field 
test included plants with a wider range of heights in the 
establishment year than in 1976 (Table 21). Consequently, 
the standard deviation was greater for height in 1977. The 
range of heights and yields for 1976 and 1977 were the 
widest of any of the field tests. The mean height and yield 
of plants for the observational strain test were the highest 
of the 1.6 m long field tests which included lattice strain 
test 2, strain test 1 and 2. 

Observations recorded were consistent for 1976 and 1977 
and were concerned with the performance of the check 
cultivars. Vernal produced plants with a mean height and 
yield which was hy ier than the means of the other check 


cultivars in lattice strain test 1 (Appendix 4) while the 
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mean of Roamer plants was low in height and yield in lattice 
strain test 1 and strain test 1 (Appendices 4 and 6). The 
mean of Beaver plants in lattice strain test 2 and strain 
test 1 were the tallest and highest yielding (Appendices 5 
and 6). 

The summary of the analysis of the field tests for 1976 
and 1977 (Table 21) illustrates that lattice strain test 1 
had plants with the highest mean height in 1976 and 1977 
fcllowed by the observational strain test, lattice strain 
test 2 and strain test 1. The highest standard deviation for 
height was in lattice strain test 2 while the lowest 
standard deviation for height was in lattice strain test 2. 
The 1977 mean yield, coefficient of variability, standard 
deviation, and range of means for plants in lattice strain 
test 2 and strain test 1 were very similar. The measurement 
cof plant yield and height was more accurate in 1977 than in 
1976 according to the coefficients of variability for the 
field peeton 

The split plot analysis of plant height for lattice 
strain test 1 and 2, and strain test 1, and of plant yield 
for lattice strain test 1 for 1976 and 1977 indicated 
significant genotype mean squares. The year by replication, 
and year by genotype interaction mean squares were highly 
significant except the year by replication interaction mean 
square for yield in lattice strain test 2 which was. only 
significant. Data from the split plct analyses were not 


presented since the coefficients of variability did not 
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indicate any gain in accuracy: for yield in lattice strain 
test 1 and height in lattice strain test 2; or very little, 
for height in lattice strain test 1 and strain test 1 (Table 
21). 

In the analysis of the four cultivars from lattice 
Strain 1 and 2, there were no significant mean squares for 
the field test by cultivar interaction for height in 1976 
and 1977, and yield in 1977. There were significant F-values 
for field test mean squares for height (1976) and yield 
(1977). When these cultivars were analyzed over years within 
each field test, there was significant mean squares for year 
by cultivar interaction for height in lattice strain test 1 
and 2, and strain test 1, and for yield in lattice strain 
test 1. 

No post-emergence damping-off was cbserved in any of 
the field tests or growth room tests. As well, no record of 
death in which the death could be attributed to alfalfa 
Sickness for any of the growth room tests or field tests was 
noted. It was observed that horsetail ( Equistem arvense ) 
was prevalent in the field site and adjoining field. 

i. Correlations Simple correlation coefficients among 
agronomic characters utilized in studying the alfalfa 
sickness organism were highly significant (Table 22). The 
only exceptions were for the correlations between stand 
survival and yield (r=0.21*), and stand survival and height 
(vr=0.16 nese) in soil test 1; yield and disease rating in 


the inoculation test (Table 22); and height and disease 
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rating in the inoculation test and strain + fungicide test 
(Table 22). 

In soil test 1, the small variation in stand survival 
did not result in a highly significant correlation between 
it and yield or height. The correlation between height and 
disease rating (r=0.95**) was positive in the time of 
infection test since disease rating increased from 1.54 to 
2.99 as did the height (4.8 to 33.4 cm) (Table 22). The 
nonsignificant r-values in the inoculation test and the low 
r-value (r=0.34*) in the strain t+ fungicide test were a 
result of the small variation in disease rating {Table 22). 
A positive correlation between yield and disease rating in 
the inoculation test was due to higher yielding plants 
growing in the inoculated pasteurzied sick soil (Table 22). 

Correlation coefficients among agronomic characters 
used to assess the contrcecl of the pathogen by plant breeding 
are presented in Table 23 and 24. The r-values in the growth 
room tests (Table 23) were highly significant. The 
correlation between height and disease rating for the second 
cycle strain test was the lowest of the three growth room 
tests (Table 23). The correlation coefficients between the 
field tests and growth tests for yield and height were low 
and nonsignificant (r=-0.18 to 0.12). Disease rating in the 
growth room and performance rating in the field tests were 
not significantly correlated (r=-0.11 to -0.04). 

In the field tests, all the correlations were highly 


significant with the exception of disease rating vs height 
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in 1976 for strain test 2 which was nonsignificant (Table 
24). The correlations between the variables measured in 
different years was lewer than the correlations between 
variables studied within each year. The simple correlation 
coefficients in the observational strain test were 0.43** 
between height in 1976 and 1977, 0.36** for height (1976) 
and yield (1977), and 0.47** for height (1977) and yield 
(1977). 

selection for resistance and susceptibility to alfalfa 
Sickness in the growth rocm is illustrated in Figures 2, 3, 
and 4, Figure 2 depicts the response of unselected material 
in sick soil and in nonsick soil. The difference between the 
mean heights of plants in sick soil (12.2) and nonsick soil 
(18.0) was significant at the 1% level of probability. In 
Figuré 93, ,the »frequency distribution of the resistant 
genotypes and susceptibie genotypes is within the frequency 
distribution of the unselected material. The frequency 
distribution of the resistant genotypes in Figure 4 is 
progressing upwards and part of this distribution is outside 
the frequency distribution of the unselected material. 

The resistant genotype mean height (cycle 1-18.1 
cm;cycle 2-26.5 cm) was not significantly different from the 
unselected genotype mean height (cycle 1-18.0 cm; cycle 2- 
23.9 cm) in cycle 1 but was in cycle 2 at ps0.01 (Table 25). 
The mean height of the resistant genotypes was significantly 


different from the mean height of the susceptible genotypes 
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at ps0.01 in cycless 1 and 2. This difference amounted to 
15% and 10% for height in cycle 1 and 2, respectively. The 
Susceptible and resistant genotype means were not 
Significantly different in disease rating for cycle 1 but in 
cycle 2, the resistant genotype mean was 10% lower (ps0.01) 
in disease rating than the susceptible genotype mean. 
Selection intensity was 13% in cycle 0 while for cycles 1 
and 2, the intensity increased to 6% and 8%, respectively, 
for the resistant genotypes. The narrow sense heritability 
of height fcr the combined analysis of the resistant and 
susceptible genotypes was low decreasing from 30% in cycle 1 
to 18% in cycle 2 for height (Table 26). The regression 
coefficients used in estimating heritability were 
nonsignificant for height in the resistant and susceptible 
genotypes analyzed separately (Table 26). 

The narrow sense heritability for disease rating was in 
direct contrast to the heritability of height as it 
increased from 12% to 22% in cycles 1 to 2 for the resistant 
plus susceptible genotypes combined (Table 26). Heritability 
of disease rating in the susceptible genotype increased from 
12% to 18% in cycle 1 to cycie 2 (Table 26). However, the 
resistant genotype regression coefficients for disease 
rating were nonsignificant in cycles 1 and 2 (Table 26). 

The values of broad sense heritability from the second 
cycle selection test were 42% and 4% for height and disease 
trating in the susceptible genotypes. The resistant genotype 


heritability estimate was 41% and 51% for height and disease 
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rating. Height was highly heritable in the susceptible and 
resistant genotypes but the heritabiblity of disease rating 
in the susceptible genotypes was low. The genetic 
coefficient of variability was highest for disease rating 
(8.3%) in the resistant genotypes and lowest for disease 
rating (1.3%) in the susceptible genotypes. The genetic CV 
was intermediate for height at 7.2% and 6.9% for the 
resistant and susceptible genotypes, respectively. 

The estimates of heritability for height in the diallel 
strain test (Table 14) ranged from 98% to 99% for broad 
sense heritability and 32% to 46% for narrow sense 
heritability. Heritability of disease rating was high for 
broad sense at 96% to 98% and lower for narrow sense at 11% 
to 33%. Higher heritabilities were obtained for the 
resistant diallel relative to the susceptible dialilel. These 
differences were significant at ps0.01 for broad and narrow 
sense heritability of disease rating and for narrow sense 
heritability of height. The genetic coefficient of 
variability was lowest for disease rating in the susceptible 


diallel. 
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DISCUSSION 
4. Pathogen 
ae Interaction of Plant and Pathogen Infection of 
alfalfa seedlings by the alfalfa sickness pathogen did not 
increase after 5 weeks (Table 6; Figure 1). The disease 
infection reached a plateau which may have been caused by 
either the inoculum level in the substrate, or, the plants 
developing a resistance to the disease. This situation 
coincides with observations that infected fields tend to 
maintain good stands but remain unproductive (Bolton, 1977). 
Therefore, the optimum time to rate alfalfa sickness 
Symptoms is at 5 weeks under the growth room conditions 
Maintained in this test. 

Highly significant correlation coefficients among 
disease rating, yield, and height (Table 22) indicated a 
close association among the 3 variables. No post-emergence 
damping-off or record of death of plants due to alfalfa 
sickness occurred in the growth room tests or field tests. 
These data indicate a relationship between disease infection 
and reduction in height and yield of plants grown in sick 
scil. 

The disease rating in the field, for strain test 2, 
tock place two-and-a-half months after seeding. It should 
have been carried out haif-a-month previously so that 
ratings in the field would have taken place at the same 
growth stage of the plants as that in the growth room. 


However, the mean disease rating of Beaver in the growth 
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room (Table 16) and in the field (Table 20) were Similar. 
But the correlations between agronomic characters of 
genotypes evaluated in the growth room tests and field tests 
were low and nonsignificant. This would indicate the need 
for field testing of genotypes. 

To test the hypothesis that aifalfa sickness is 
identical to Phytophthora root rot caused by P. megasperma , 
soils from areas in the United States and Ottawa, Ontario, 
reputed to be infected with the pathogen, were sown with 
alfalfa (Table 5). The disease ratings of plants grown on 
these soiis were considerably greater as compared to the 
ratings of plants grown on alfalfa sick soil. On the 
assumption FF, megasperma causes alfalfa sickness, this would 
imply either a lower inoculum level is present in soils from 
central Alberta than from the four Phytophthora-infected 
scils, or, P. megasperma was more virulent than it was in 
the alfalfa sick soils. A visual examination of plant roots 
from the Phytophthora-infected soil and sick soil revealed 
beth diseases produced the same external symptoms. There was 
not anes difference in mean yield and height of the plants 
grown in sick soil relative to the mean cf plants raised in 
the Phytophthora-infected soiis. The similarity of disease 
symptoms caused by each pathogen suggests that P. megasperma 
induces alfalfa sickness. 

Examining the environmental conditions necessary for P. 
megasperma to survive, the fungus has been found to be 


endemic to poorly drained soils or soils with high water 
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tables (Frosheiser, 1968). These conditions may not exist to 
in those parts of Canada where alfalfa sickness is found. 
The influence of soil moisture on the severity of alfalfa 
sickness has not been studied and should be investigated. 
Furthermore, soils in poorly drained areas usually have a 
high clay content. The texture of the soil at the field 
lecation (Spruce Grove, Alberta) plus other alfalfa sick 
areas (Boltcn, 1977) suggests alfalfa sickness occurs on 
light-textured soils. 

In relation to the field location at Spruce Grove, 
Alberta, the occurrence cf Eqguisetum arvense or horsetail 
wculd appear to indicate the soil has a high water table. 
The internal drainage and northward sloping topography of 
the field location may also contribute to the height of the 
water table. Frosheiser (1969) found that 17 cm of rain fell 
in the month of June where P. megasperma was isolated. 
Almost twice that amount of rain fell in the 4-month 
intervals from 1969 to 1976 at the field site (Appendix 2). 
These observations suggest environmental conditions 
favorable for survival of P. megasperma : 

In the inoculation test, isolates of organisms from 
alfalfa sick soil, and cultures of P. megasperma , when 
applied to pasteurized sick soil, caused smail lesions on 
alfalfa roots (Table 7). The plants were rated 2 and no 
significant differences were detected among plants of the 
different genotypes growing in inoculated pasteurized sick 


scil. The failure to induce severe symptoms of alfalfa 
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sickness or Phytophthora root rot implies that either the 
isolates and cultures were too old to be virulent, or, the 
plants were developing a resistance to the disease. This 
experiment shouid be repeated to determine if this was 
indeed the case. The inoculation technique, if successful, 
could provide a reliable method of infection for future 
studies, and so improve the accuracy with which genotypes 
for resistance could be made. 

Plants from the cultivar Agate, in the second cycle 
strain test, proved to be significantly more diseased than 
Beaver plants (Appendix 3). In yield and height, the Agate 
plants were not significantly different from the Beaver 
plants (Appendix 3). Agate is reputed to be winterhardy and 
resistant to PP. megasperma (Lueschen et al., 1976), but it 
was not bred for western Canadian conditions and may not be 
adapted to this area. In strain test 1 (Appendix 60), the 
results showed Beaver plants to be significantly taller than 
Agate by 30% and 18% in 1976 and 1977. Thus, it was 
concluded that Agate was at best equal to Feaver. This would 
indicate Agate is not resistant to alfalfa sickness and 


could suggest aifalfa sickness is not caused by Be 


Other research directly related to the interaction of 
the pathogen and plant is concerned with determining the 
extent and distribution of alfalfa sickness in Alberta 
(Cook, 1977). Two other areas which should be pursued are; 


first, a study of the effects of long term storage on the 
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Sickness pathogen in the soil, and its ability to reinfect 
alfalfa, and secondly, a rotation study is needed to 
determine the effect of the pathogen on successive stands of 
alfalfa grown in sick soil. These studies could be 
undertaken in a growth rcon. 

In summary, the foilowing conclusions were formulated 
from our knowledge of the interaction of the pathogen and 
plant. Alfalfa sickness infection is initiated in alfalfa 
seedlings, a month to a month-and-a-half old, at the root 
tips, lateral noncambial roots, and the nodules, when 
present. It is suggested that a low or nonpathogenic level 
of inoculum exists in certain soils and during the iife of 
the first stand this level increases, and persists in the 
soil. In succeeding alfalfa stands, the abundance of 
incculum present ensures a parasitic association between the 
plant and pathogen. The plant's growth is severely 
restricted for the life of the stand and alfalfa yields are 
low. The nodules also may become ineffective so that the 
nitrogen metabolism of the plant may become severely 
affected resulting in stunting of the plant and yellowing of 
the leaves. This would support the observations made by 
Goettel (1962) and Webster et al. (1967) that after the 
first stand of alfalfa, subsequent stands are affected by 


alfalfa sickness, and show typical symptoms. 


b. Control by Physical and Chemical Treatments The 
first control measure tested was heat and the results from 


this physical treatment confirmed earlier observations that 
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the agent causing alfalfa sickness was biclogical (Webster 
et al., 1967). Pasteurizing sick soil either substantially 
reduced alfalfa sickness or eradicated it. Soil treated in 
this manner always produced tall plants with high yields and 
clean roots (Tables 3, 4, 8, 9, and 10). This agrees with 
the evidence presented by Webster et al. (1967) who used the 
soil sterilant, Vapam, and steam sterilization of sick soil, 
and Goettel (1962) who noted sterilizing sick soil improved 
yields of plants growing in sick soil. The pasteurization of 
alfalfa sick soils on a field scale would be impractical and 
economically not feasible. 

Other physical treatments such as liming, fertilizing, 
and soil moisture, applied at optimum levels, did not 
increase yield, height, or lower disease rating of piants 
growing in sick soil to a level approaching that of plants 
growing in pasteurized sick soil (Tables 3, 4, 8, 9, and 
10). Webster et al. (1967) and McElgunn and Heinrichs (1970) 
also reached the same conclusions in their studies using 
fertilizer, lime, and moisture, or any combination of these 
factors to correct growth of alfalfa inesicktsoils 

The second type of control treatment tested was 
chemical fungicides. Dexon did not control aifalfa sickness 
as the roots of plants from sick soil treated with this 
fungicide were as diseased as roots from plants in the 
nonpasteurized sick soil (Tables 8 and 9). This treatment 
did not result in taller, hnigher yielding plants. The 


application rate of Dexon was believed to be phytotoxic when 
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applied at 10 times the recommended rate in fungicide test 2 
(Table 9). Benlate is purported to control organisms other 
than pythiaceous fungi, and its use might be expected to 
result in more severe root symptoms, lower plant yield and 
plant height. This was not the case (Table 8). Plants fron 
the Benlate treated sick soil were not Significantly 
different for height, yield, and disease rating from alfalfa 
grcwh in the Dexon treated sick soil or in nonpasteurized 
Sick soil. 

Metazoloxon provided some protection as the disease 
rating of alfalfa roots was less for this treatment than for 
reots of plants grown in nonpasteurized sick soil (Table 9). 
A higher yield and height of plants grewn in Metazoloxon 
treated sick soil compared to plants from unpasteurized sick 
scil was expected. The results did not show this. 

Dowco 269 was the mest promising fungicide (Table 9). 
Roots of plants from Dowco 269 treated sick soil were rated 
clean and healthy. The yield of this fungicide treated sick 
soil was significantly greater than the yield of plants from 
nonpasteurized sick soil. Heaght Was not significantly 
different. The applicaticn rate may require further study 
and some adjustment for optimum growth of alfalfa in Dowco 
269 treated sick soil. 

The drench-mix application procedure did not improve 
height or yield, or decrease disease rating of the alfalfa 
plants compared to plants from the soil mix (Table 9). This 


was true for Dexon and Metazoloxon. Spraying Dowco 269 
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controlled alfalfa sickness but not as effectively as Dowco 
269 soil mix or spray-soil mix applications judged by the 
height, yield, and disease rating of plants from these 
treatments. 

Stuteville (1976) stated Dowco 269 is active against 
soil-borne pythiaceous fungi. The fungicide gave seedling 
protection to alfalfa growing in soils infested with P. 
megasperma (Stuteville, 1976). Results from our experiments 
fer Dowco 269 indicated alfalfa seedlings were protected 
when grown in alfaifa sick soil (Tables 9 and 10). This 
would imply that alfalfa sickness is a pythiaceous fungus. 

Beaver plants grown in Dowco 269 treated sick soil were 
significantly less diseased and higher yielding than Beaver 
plants in nonpasteurized sick soil (Table 10). The plants of 
the resistant genotype (1V¥12) were not significantly 
different in height, yield, or disease rating when grown in 
either Dowcc 269 treated sick soil or pasteurized sick soil. 
When 1V¥12 plants were grown in sick soil with and without 
Dowco 269, there was a Significant difference between the 
mean disease ratings. Beaver plants were shorter in height, 
although not significantly so, than plants of 1V¥12 in Dowco 
269 treated sick soil. This suggested that chemicais and 
plant selection, in combination, should be further 
investigated. 

Dowco 269 controlled alfalfa sickness by either 
drenching it on the soil surface (Table 10), or mixing it in 


with the sick soil (Table 9). Both methcds of application 
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would seem practical, but the cost of the chemical may be a 
limiting factor for commercial purposes. Unfortunately, 
Dowco 269 has been withdrawn (Evans, 1976) for further 
evaluation, but, these positive results indicate that 
fungicidal control is possible. 

In pasteurized sick soil, the plants of a resistant 
genotype, susceptible genotype, and Beaver were not 
Significantly different from each other in height, yield, or 
disease rating (Table 10). There was a Significant 
difference between each genotype in pasteurized sick soil vs 
ncenpasteurized sick soil for the above agronomic characters. 
However, when plants of the genotypes were grown in 
nenpasteurized sick soil, the resistant genotype was 
significantly better than either the suceptible genotype or 
Beaver in height and disease rating, and significantly 
greater than the susceptible genotype in yield. These 
results indicate that plant breeding is a suitable 


alternative to chemical applications. 


a. Control by Plant Breeding In very few instances were 
plants of the resistant genotypes, grown in nonpasteurized 
sick soil, taller, heavier, or less diseased than Beaver 
plants grown in pasteurized sick soil (Tables 11, 12, 13, 
and 16). When ali the genotypes were grown in sick soil, 


those selected for resistance yielded significantly taller, 


heavier plants with less disease than either plants from 
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susceptible genotypes or from Beaver (Tables 11, 12, 13, and 
16). Evidently, there was a certain amount of 
misclassification when the cycle 0 plants were selected for 
resistance and susceptibility. It is also possible some 
plants may have escaped infection by alfalfa sickness. The 
results of these 2 possibilities are reflected in the field 
tests where some susceptible genotypes were considerably 
taller and higher yielding than certain resistant genotypes 
or cultivars (Appendices 4, 5, and 6). In the field tests, 
the mean of plants from the resistant genotypes was not 
Significantly greater than the mean of susceptible genotypes 
or cultivar genotypes for height, yield, performance rating, 
or disease rating (Tables 17, 18, 19, and 20). 

The second cycle strain test, three cycle strain test, 
and the field tests, all showed a wider range of agronomic 
characters for the resistant genotypes as compared to the 
susceptible genotypes when averaged over cycles of selection 
(Tables 11, 12, 17, 18, 19, and 20). The presence of a 
greater number of different gene combinations when expressed 
phenotypically would account for the wider range of those 
agronomic characters studied within the resistant genotypes 
as compared to the susceptible genotypes. 

Resistant and susceptible genotypes, grown in 
pasteurized sick soil, were not significantly different in 
height and yield (Tables 7 and 10), but in nonpasteurized 
sick soil, there cones significant differences in height, 


yield, and disease rating. These results are similar to the 
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height response of unselected genotypes grown in sick and 
nensick soils (Figure 2). 

Cycle 1 resistant genotypes were Significantly 
different in mean height from the susceptible genotypes 
(Table 25; Figure 3). In cycle 2, the resistant genotype was 
significantly different from the plants of the susceptible 
genotypes in height and disease rating, and from the plants 
of the unselected genotyres in height (Table 25; Figure 4). 
These results suggest that selection for alfalfa sickness 
resistance is being controlied by many genes and 
consequently, change in response to selection is slow. The 
selection responses of the resistant population and the 
susceptible population follow the trend illustrated by 
Sheldon (1963), Robertson and Reeve (1952), and Woodworth et 
al. (1952). It would be interesting to evaluate three more 
djoned of selection to determine if a major divergence 
occurs between the two populations. It was concluded 
directional selection for resistance and susceptibility to 
alfalfa sickness was effective in the growth room, and 
should be continued. 

In contrast to the above results, data from the three 
cycle strain test (Table 12) indicated a downward trend from 
cycle 2 to 3 in yield, height, and disease rating for the 
resistant genotypes. The differences from cycle 2 to 3 were 
not significant and this would suggest selection was not 
effective. However, Te sample of genotypes representing 


each cycle was small. Also, in Figures 3 and 4 for cycle 1 
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and 2, respectively, the data showed positive responses to 
selection. 

Correlations between height vs disease rating and yield 
vs disease rating in the growth room tests involving the 
plant were high and significant (Table 23). The assumption 
was made that taller, higher yielding plants would be 
resistant te disease, while shorter plants with lower yields 
wculd be susceptible. The field tests were interpreted with 
this assumption in mind. 

The lattice design for analyzing the field tests gave 
no improvement in accuracy over the randomized complete 
block design with the exception of lattice strain test 2. 
The effectiveness of the lattice design for lattice strain 
test 2 in 1976 was due to differential weeding. Thus most of 
the variation within each field test ran the length of the 
field test or in a north-south direction. 

There were differences among the means of the four 
cultivars from each field test for height and yield in 1976 
and 1977. It appears that a genotype by year interaction was 
responsible for these differences. However, there was no 
field test by cultivar interaction for height (1977) and 
yield (1977). This supports data from soil test 2 (Table 4) 
and confirms that the field site was uniformly Sick 
throughout. 

Establishment-year results were less reliable than the 
second-year results as the coefficients of variability were 


higher for 1976 than for 1977 (Table 21). Genotypes which 
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performed consistently in the field and in the growth room 
included 2V96, 2V15, 2VP42, 1GP130, and 1RP188. Some lines 
such as 2V12, 2B29, and 2BP113 were inconsistent in their 
performance. Plants from the genotype, 2V12, were highly 
resistant in the growth room (Table 11) but the height, 
yield, and performance rating of its plants did not reveal 
it to be a superior genotype in the field (Appendix 4). The 
genotypes, 2B29 and 2BP113 were just the opposite, doing 
peorly in the growth room (Table 11) but performing well in 
the field (Appendix 4). 

With data from the growth room tests and field tests, a 
multiclone synthetic cultivar resistant tc alfalfa sickness 
could be developed. The synthetic would include the 
genotypes 1B29, 1B73, 2876, 2V¥13, 2V96, 2R163, and 2R187. A 
synthetic susceptible to alfalfa sickness would consist of 
clones from the following genotypes, 1GP20, 1GP21, 1GP130, 
1RP1, 1RP188, and 1VP19. The synthetics could be increased 
fer seed and tested at different locations in field trails 
to study their agronomic merit. 

A nitrogen fixation experiment conducted in the growth 
room by Tan (1977) compared 20 commercial cultivars plus 5 
selected lines. Of the 5 selected lines, 2 were resistant to 
alfalfa sickness (R2, R83). The results indicated that when 
the different genotypes were inoculated with commercial 
inoculum, plants from 2V 96 (R2) were significantly higher 
yielding than the other entries and were 36% above the 


experimental mean. The total seedling dry weight of 2V12 
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(R3) plants was about 106% more than the experimental mean. 
Plants of 2V¥12 (R2) had a higher yield of nitrogen (30% 
above the average) while 2V96 (R3) plants were 6% below the 
overall mean. Thus, some genotypes which were resistant to 
alfalfa sickness appear to be inherently high yielders of 
dry matter and nitrogen. 

Results from the growth room tests suggest that the 
genetic factor governing the reaction to alfalfa sickness is 
ccentrolled by many genes. This conclusion is based on the 
high broad sense heritabilities in the diallel strain test 
(Table 14) and second cycle strain test (Table 11), and the 
slow progress in selecting for resistance and susceptibility 
in cycle 1 and 2 (Figure 3 and 4). 

The high broad sense heritabilities in the resistant 
and susceptible diallels imply a high amcunt of epistatic, 
intraallelic, and interallelic interactions (Table 14). As a 
result, the high broad sense heritabilities for disease 
rating and height of the resistant and susceptible diallels 
wculd support the suggestion that nonadditive genetic 
variation has been exhausted. Furthermore, the low narrow 
sense heritabilities for height and disease rating of the 
resistant and susceptible diallels indicates that additive 
genetic variation was small. These data agree with those 
reported by Adams and Semeniuk (1958) who stated that in one 
generation, additive genetic variation could be depleted in 
selecting for leafspot resistance. 


Genetic variability was influenced by additive and 
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nonadditive gene action in the resistant and susceptible 
diallels, respectively, since the ratio of GCA to ‘SCA was 
small or equal (Table 14). These resuits are expected since 
the parents of the progeny in the diallels have been subject 
tc one cycle of selection to alfalfa sickness. The results 
agree with those of Singh and Lesins (1971) who found SCA to 
more important than GCA since the clones had been selected 
for GCA. Two-clone synthetics in the susceptible diallel 
cculd be selected on the basis of superior SCA due to SCA 
being equal to or ilarger than GCA. In contrast, the 
resistant diallel indicated that additive genetic variation 
was large and GCA greater than SCA. Multiclone synthetics 
could be formed in the resistant diallei based on the 
genetic differences of the parental clones. 

Disease resistance and susceptibility were highly 
heritable in the diallels (Table 14) and this agrees with 
Twamely"s (1974) report. The heritability of resistance was 
higher than that of susceptibility. However, with additive 
genetic variation being low, and alfalfa sickness being 
polygenically inherited, a number of cycles of selection 
would be necessary to fix favorable combinations of genes to 
provide a high degree of resistance and susceptibility to 
alfaifa sickness. 

Broad sense heritability estimates calculated in the 
second cycle strain test supported the data obtained in the 
diallel strain test (Table 14). In the second cycle strain 


test, the heritability estimates were high ranging from 41% 
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to 51% for height and disease rating in the resistant and 
susceptible genotypes except for disease rating’ in the 
susceptible diallel (4%). The genetic CV was low for disease 
rating in the susceptible genotypes indicating that 
genctypic variation was being depleted. The genetic CV was 
also low for disease rating in the susceptible diallel 
(fable 14). 

Response over 2 cycles of selection for alfalfa 
sickness resistance has led to increased height and lower 
disease ratings (Table 26). Low narrow sense heritability 
estimates for height and disease rating in cycle 1 and 2 
would seem to indicate additive genetic variation was small. 
These estimates are consistent with the results obtained in 
the dialiel strain test (Table 14). MThus, breeding for 
resistance and susceptibility to alfalfa sickness must be 
based on consecutive cycles of recurrent selection involving 
weli-replicated progeny tests. 

Three methods of calculating heritability were used, 
two relying on analysis of variance, and the other on 
regression. A more accurate analysis was suggested to 
account for the difference between the broad sense 
heritability estimates obtained in the diallel strain test 
(Table 14) as compared to the second cycle strain test 
(Table 26). The analysis of variance in the diailel strain 
test was based on single plants while in the second cycle 
strain test, the mean of plants per pot was used. The narrow 


sense heritability estimates from the regression of 
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offspring on parent (Table 26) agreed with the estimates in 
the diallels (Table 14) which confirms results from Swanson 
St al. (1974). 

Busbice et al. (1972) tabulated the possible range of 
segregates after 1, 2, and 3 generations of random mating. 
The assumption in determining the array of genotypes is that 
the original cross is between two tetragenic lines. In light 
of these calculations, we have evaluated 2 cycles of 
selection with random mating and could expect the duplex, 
triallelic, and tetragenic genotypes to be present. The 
diallels would contain the same genotypes since the material 
was selected for 1 cycle. Thus, before any conclusive 
evidence can be offered on the inheritance of alfalfa 
Sickness resistance or susceptibility, it will be necessary 
to evaluate progeny from the third cycle of selection to 
expose the full array of genotypes. 

The method of selection used to develop resistance and 
susceptibility to alfaifa sickness relied on horizontal, or 
field resistance or susceptibility. Based on the 
heritability estimates (Tables 14 and 26), the selection of 
individual plant phenotypes was reliable. Well-repiicated 
progeny tests minimized environmental variation in the 
growth room and led to the success of phenotypic recurrent 
selection. One disadvantage of using this form of mass 
selection is that in interpollinating all plants, there may 
be some self-fertilized gach produced. However, to overcome 


this problem, controlied pollination could be utilized in 
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the form of a diallel although this places a restriction on 
the number of genotypes one can evaluate. Polycrossing 
within the populations allowed maximum expression of 
heterozygosity and random mating over 2 cycies of selection. 
This prevented inbreeding depression and utilized heterosis. 
As well, the number of plants selected per cycle was more 
than 75 which Hill et al. (1969) considered a minimum to 
suppress any appreciable change in agronomic traits not 
selected. Thus recurrent selection for phenotypic characters 
has been an effective method of allowing a wealth of genetic 
recombination to occur providing new source material for the 
next cycle of selection. 

A hypothesis was put forward to explain the basis of 
resistance and susceptibility to alfalfa sickness. The 
assumption made in this theory was that alfalfa sickness 
resistance and susceptibility was controlled by many genes. 
On the basis of this premise it was thought the selection 
criteria of height and disease rating represented net 
assimilation rate (NAR) of the plant. Selecting tall plants 
with low disease ratings would mean the plants’ capacity to 
Manufacture assimilates would exceed the requirements of the 
bacteria, Rhizobium meloloti, and the parasitic alfalfa 
sickness pathogen. This is supported by Tan's (1977) work in 
which two resistant genotypes were found tc be high yielders 
of dry matter and nitrogen. The remaining photosyathates 
would be metabolized or 2eNbea by the plant and result in 


high dry matter productivity. Thus a high NAR would allow 
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the plant to live with the two organisms, and at the same 
time yield high returns of forage. In the susceptible 
genotypes, short plants with high disease ratings would have 
a low net liable pool of assimilates. Consequently, there 
would be adequate amounts of photosynthates to meet the 
needs of the two organisms, but little residual would be 
left for high dry matter yields. 

To increase NAR in the alfalfa plant involves breeding 
for a trait inherited in a complex way. This could explain 
why resistance and susceptibility to alfalfa sickness are 
thought to be controlled by many genes and it may be the 
reason for the low narrow sense heritabilities obtained in 
the diallel strain test for disease rating (Table 14). 
Various components of NAK which would increase yield include 
larger photosynthetic area (increasing number, weight, area, 
or structure of leaves), fewer stems (decreasing number, 
length, or structure), or increasing efficiency of 
photosynthesis (Carlson et ale, 1970). It would be 
interesting to compare net assimilation rates of plants from 
resistant genotypes, susceptible genotypes, and cultivars. 

In conclusion, the overall objectives have been 
achieved by investigating and testing a number of physical 
and chemical treatments and by undertaking a plant breeding 
program. Heat offers the best control of the alfalfa 
sickness pathogen, but it is impractical. Chemical control 
of the pathogen using Dowco 269, would seem to be a feasible 


method if that chemical or a Similar one were available, and 
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commercial application were economical. Genotypes with 
resistance have yield advantages of 40% to 50% over 
unselected material and susceptible genotypes. Thus, the 
cutlcok for plant breeding seems optimistic and the ultimate 
control of alfalfa sickness lies in developing a cultivar 


With resistance to the disease. 
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SUMMARY 
1. The agent which incites alfalfa sickness is a pythiaceous 
fungus. The symptoms it causes on alfalfa plants resemble 
those caused by P. megasperma . However, the environmental 
conditions necessary for the survival of P. megasperma are 
different from those associated with alfalfa sickness. 
Alfalfa sickness occurs on light textured soils that appear 
to be well-drained while P. megasperma has been found in 
heavy soils that were poorly drained. 
2e A relationship between disease rating and heigat, and 
disease rating and yield accounted for the shorter plants 
with lower yields when the plants were grown in sick soil. 
This agreed with observations that infected fields have good 
stands but are low yielding. 
3. The aifalfa sickness pathogen attacks the root tips, 
noncambial lateral roots, and nodules resulting in browning, 
lesicns, and girdling of the roots. This eventually leads to 
collapse and destruction of the root tissue which affects 
height and yield of infected plants. 
4. Heat treatment of sick soil was a superior control method 
but it would be impractical to use on a field scale. 
5. Lime, fertilizer, and moisture, at levels for optimum 
growth, were eliminated as caustive agents of aifalfa 
sickness and did not improve alfalfa growth in sick soil. 
6. Height, disease rating, and yield of plants from sick 
soil treated with Dexon were not significantly different 


from plants grown in nonpasteurized sick Sor, and 
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consequently, Dexon did not control alfalfa sickness. 

Te Chemicals such as Metazoloxon and Dowco 269 were 
effective in controlling the alfalfa sickness pathogen. But, 
Dewco 269 was the more impressive and application of that 
fungicide as either a soil drench or soil mix satisfactorily 
protected alfalfa roots against the sickness pathogen. 

8. High bread sense heritabilities justified the conclusion 
that genotypic variability exists between and within locally 
adapted cultivars for alfalfa sickness selection. 

9. Leow narrow sense heritabilities for height and disease 
rating in the resistant and susceptible genotypes indicated 
that additive genetic variation was small and successive 
cycles of recurrent selection would be necessary to develop 
high levels of resistance and low levels cf susceptibility 
tc alfalfa sickness. 

10. In the field tests, results from the second year were 
more reliable and useful for selection purposes than those 
cbserved in the establishment year. 

11. Selection progress has been slow in the two cycles of 
selection evaluated which implies many genes are influencing 
disease resistance and susceptibility. 

12. Simple correlation coefficients, among height, yield, 
and disease rating in the growth recom, were highly 
significant. However, correlation coefficients for agronomic 
characters between field and growth room were low and 
nonsignificant. Consequently, it is necessary to use field 


tests to determine the effectiveness of growth room 
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selection. 

13. Recurrent phenotypic selection in the growth room was 
effective since high broad sense heritabilities were 
obtained in resistant and susceptible genotypes and there 
waS progress in selection after 2 cycles. No major shift 
occurred in any of the agronomic characters not selected in 
the growth room according to field evaluation of the 
genotypes. 

14. High specific combining ability variance in the 
resistant and susceptible diallels indicated nonadditive 
genetic variation was large and this was expected since the 
parents of the progeny had been selected for one cycle. 
Specific combinations of these parents could be 
interpollinated to form suitable two-clone hybrids while 
multiclone synthetics could be formulated from this material 
as well. 

15. It was concluded that physical, chemical, and plant 
breeding methods of control of alfalfa sickness were 
discovered in this study. Pasteurization has practical 
limitations while fungicidal control could be expensive and 
short-term. Plant breeding provides a practical long-tern 


solution to alfalfa sickness. 
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TABLE 3 Height, yield, and stand survival subplot means of Beaver 
seedlings in soil test 1. 


Treatment Height Yield Stand Survival 
(cm) (g) (plants per pot) 
Pasteurized soil 29.1 a* 3.2 a 12.7 
Pasteurized-limed soil 28.1 ab 320 b 12.0 
Nonpasteurized soil 27.0 be 2.4 ¢ 12.6 
Nonpasteurized-limed soil 26.2 ¢ Zaid 1225 
Mean 27.6 Zak Zs 
CV**(%) ; 9.3 3 22.1 13.4 


*Means followed by the same letter are not significantly different 
at p < 0.05 by Duncan's new multiple range test 


**CV = coefficient of variability 
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TABLE 4 Height, yield, and disease rating means of Beaver seedlings 


in soil test 2. 


Treatment Height 

(cm) 
Sick soil 1 20.6 b*¥** 
Sick soil 2 20.2 b 
SICK SOL 19.6 b 
Sick soil 4 19.5 b 
Sick soil 5 17.3 b 
Pasteurized sick soil 24.8 a 
Mean 20.3 


CV**(%) 4.7 


*] = clean roots, 5 = dead plant 


**CV = coefficient of variability 


Disease Rating 


(1-5)* 


LeOVeG 
2.86 c 


6.8 


_**kMeans followed by the same letter are not significantly different 
at p < 0.05 by Duncan's new multiple range test 
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TABLE 5 Height, yield, and disease rating of observation pots 
of Beaver seedlings in the U.S. soil test. 


Treatment Height Yield Disease Rating 


(cm) (g)x (1-5)* 
Minnesota soil** 2164 Sail Sara 
Minnesota soil ** 24.3 Cars| 3.06 
California soil** 2las 2.4 3.00 
Michigan soil** 20.1 2.4 3.44 
Ontario soil** 15.6 ia! 3.79 
Mean 21.8 2.6 3.29 
Alfalfa sick soil*** alee oS 2.52 


*] = clean roots, 5 = dead plant 
**Soils reputed to be infected with Phytophthora megasperma were 


imported and tested at the Edmonton Research. Station (Parkland 
Farm), Edmonton, Alberta, Canada 


**kMeans are average of 5 replicates 
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TABLE 6 Means of height and disease rating for Beaver seedlings 
in the time of infection test. 


Treatment Height Disease Rating 
(cm) (1-5)* 

2 weeks 4.8 fx** 125454 

3 weeks 10.2 e 1.99 b 

4 weeks ZOR2~d Fes SYS wo 

5 weeks 24.6 c 2.85 d 

6 weeks 30.6 b 2.98 d 

7 weeks 33.4 a 2.99 d 

Mean 20.6 2.47 

CV**(%) . 6.0 6.0 


*] = clean roots, 5 - dead plant — 
**CV = coefficient of variability 


***Means followed by the same letter are not significantly different 
at p < 0.05 by Duncan's new multiple range test 
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TABLE 7 Height, yield, and disease rating means of 
alfalfa seedling progenies in the 
jnoculation test. 


Treatment Height ' Yield Disease Rating 
(cm) (g) (l=) 
Pasteurized sick soil 
Beaver 24.3 S20 i200na = 
1GP130 24.0 3.0 1.00 a 
1v12 24.0 2.9 1.00 a 
2V96 2226 SEs 00a 
1RP188 22226 373 1.00 a 
Pasteurized inoculated 
sick soil 
2V96 24.6 4.2 2.00 b 
1v12 24.2 SoA 2.00 b 
1GP130 23.3 3.5 2.00 b 
IRP188 2250 3.5 2.00 b 
Beaver 22.2 S354 2.00 b 
Mean Zane 3.4 1250 
Standard Deviation bed 0.6 0.5 
CV**(%) L55 M78 0.0 


*] = clean roots, 5 = dead plant 
*kCV = coefficient of variability 
**kMeans followed by the same letter are not significantly different 
at p < 0.05 by Duncan's new multiple range test 
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TABLE 8 Mean heights, yields, and disease ratings of 
Beaver seedlings in fungicide test 1. 


Treatment Height Yield Disease Rating 
(cm) (g) C125)" 
Pasteurized sick soil Scvs 0a Tea 1.00 a 
Non-pasteurized sick soil 26.70 0.7 b 2.94 b 
Benlate 26% 25.D O67 D 2.90.) 
Dexon 25.4 b 0.680 2.86 b 
Mean 2001 0.9 2.42 
CV**(%) 8.5 (ad 4.9 


*] = clean roots, 5 = dead plant 
**CV = coefficient of variability 


*kkMeans followed by the same letter are not significantly different 
at the p < 0.05 by Duncan's new multiple range test 
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TABLE 9 Height, yield, and disease rating means of Beaver seedlings 


in fungicide test 2. 


*] = clean roots, 5 = dead plant . 


*kCV = coefficient of variability 


*k*Means followed by the same letter are not significantly different 


Treatment Height 
(cm) 
Pasteurized sick soil aS ps ehy *. Vata tad 
Non-pasteurized sick soil 24.2 b 
Dowco 269 Spray 7 es 3) 
Dowco 269 mix 24.2 b 
Metazolozon mix 234300 
Dowco 269 spray drench 2enl tb 
Metazoloxon mix drench 22.4 b 
Dexon mix 32 
~ Dexon mix drench 6.2 Cc 
Mean 20.4 
CV**(%) | 9.1 
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at p < 0.05 by Duncan's new multiple range test 
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TABLE 10 Comparison of mean heights, yields, and disease 
ratings of alfalfa seedling progenies in the 


strain + fungicide test. 


Treatment Height Yield 
(cm) (g) 


Pasteurized sick soil 


1GP130 24.6 a*** 3.1 ab 

Beaver 24.5 ab 3.4 a 

1v12 23.8 abc 2.9 abc 
Dowco 269-sick soil 

1v12 22.7 abcde 2.6 bcd 

Beaver 21.5 cdef 2.6 bcd 

1GP130 18.8 gh 187g 


Non-pasteurized sick soil 


23.7 abcd 2.3 cdef 
Beaver 20.6 efg 2720719 
—1GP130 18.6 gh ny Ks) 
Mean coal a 
CV**(%) 93 1e7 


*] = clean roots, 5 = dead plant 
**CV = coefficient of variability 


Disease Rating 
aoe 


Ro PO PO 
WO 
Ww 
a 


8.9 


***Means followed by the same letter are not significantly different 


at p < 0.05 by Duncan's new multiple range test 
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TABLE 12 Summary of mean heights, yields, and disease ratings 
cycle 


of alfalfa seedling progenies jn the three 


strain test. 


Genotype Height Yield Disease Rating 
(cm) (g) (To) % 
Resistant 
1v12 chords. 3 OD ARV Ye 
1Vv102 20.8 efg 2.0 ef 2.58 dh 
1V49 19.9 fgh 2.5 de 2.70 ghij 
1V100 168.414 T2kg 2°69 4>j 
Mean 7s Ba) (ae: (aes 
2V102 26.1 ab 3.0 bed 2.20") 
2V12 24.3 be 3.2 De 2.45 bef 
2V100 23.3 cde 2.6 cde 2.44 bcde 
2V96 21.6 def 2.9 bed ce 3/epcd 
2V49 21.2 def 2.9 bcd 2.47 b-g 
Mean CONS 520 2.41 
3V12B 2355 4CG 3.4 b 2.32 DC 
3V96B 23. 5ncd 3.0 bcd 2. 3080C 
3V100 22.1 cof 2.5 de 2.54 coh 
3V49B 21.2 cof 2.6 cde 2.54 coh 
3V102B 20.2 fgh 1.9 ef 2.65 eri 
Mean COREL 27 2.48 
Mean(all resistant genotypes )22.3 ab) 2.48 
Susceptible 
1BP75 18.3 ghi 129. ef. 7 2.63 efgh 
TRP188 L7SOshine 1.9 ef Zeon i 
1RP159 16388i5 1.5 efg 2.92 jk 
1GP130 16.0 ijk 1.3 efg 3. Olek 
Mean 1733 ed, 2.86 
2GP 130 14.0 k 1.3 efg 2.98 k 
3BP75A 15.4 Jk 2-9 2.74 Jk 
3GP 130 14.0 k 12g 2.92 hij 
Mean 1457 ecg "2208 
Mean(all susceptible genotypes) 16.0 es 2.8/7 
Beaver (pasteurized sick soil) 28.4 a 6.0 a 1.00 a 
Mean 20.6 2.4 ANG 
CV**(%) 9.7 21.4 Tce 
*] = clean roots, 5 = dead plant 


**CV = coefficient of variability 


*k*Means followed by the same letter are not significantly different 


at p < 0.05 by Duncan's new multiple range test. 


When a mean is 


followed by more than four letters, only the beginning and last 
letters are written. 
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TABLE 13 Means of height, yield, and disease rating of alfalfa seedling 
progenies in the diallel strain test. 


Genotype Height Yield Disease Rating 
(cm) (g) (1-5)* 


Resistant Diallel 


Wizex 157+ : 27.0 b>f** 3.3 ef 2.32 cde 
1v12 x 1B179 30.0 abc 4.1 bede Z-2\.ed 
Wize IB 152 27.3 bcde 3.6 de (dee Colt 
1v12 x 1V9 26.8 bof 3.9 bcde 2.26 cde 
1V12 x 1B103 27.8 a-e 3.7 cde 2.32 cde 
WV57)% IBY79 28.2 abcd 4.0 bcde 2.34 cde 
157 0118152 21.8 hijk 1.9 ghi 3 laa 
1V57 x 1V9 26.3 cg 3.5 de 2.31 cde 
W57 x 18103 22.6 ghij Zee gh 2.46 e 
1B179 x 1B152 27.4 bede 3.6 de 2.41 de 
1B179 x 1V9 30.4 ab 4.2 bed Lac orcd 
ioe IB 103 29.5 abc 4.4 abcd (aevany Cela] 
TE1S22ex21V9 3 aG.ca 4.6 ab 2220¢d 
1B152 x 1B103 27.6 bcde 4.2 bcde 2.24 cd 
1V9 x 1B103 28.1 abcd 4.7 ab 2313. 
Mean ra bse) ec Ay| 2.34 
Susceptible Diallel 
1GP130 x 1BP113 192.2-9k] 1.7 ghi 3.06 fig 
1GP130 x 1VP17 21.9 hijk 23-0 Ze Olmet 
1GP130 x 1V58 ISaleaki 1.7 ghi Set 
1GP130 x 1VP62 2051 igkt 2.0 ghi 3.44 h 
1BP113 x 1VP17 22.6 ghij 2.1 ghi 3.18 f 
1BP113 x 1VP58 20.6 h-1 1.7 ghi Selo 
I1BP113 x 1VP62 23.3 ei Zeeug) 3.038 f9 
SINE T Ze XS 1VP58 17.4 1 We eet 3.39 h 
TIVPT7 xe 1VP62 183221 1.5 hi 3.06 fg 
1VP58 x 1VP62 ESE le Ssh gai Gg 
Mean 20.0 1.8 Slke 
Beaver (pasteurized sick soil) 28.7 abc 5.2 a 1.00 a 
Beaver (pasteurized sick soil) 28.0 ase beled 1.00 a 
Beaver 24.0 e>] C5759 3.09 g 
2V96 24.1 deh 3.6 de 1.81 b 
3V102C 24.3 doh 3.5 de 2.20)¢d 
1GP130 20.9 h>1 1.9 ghi 3.04 fg 
Mean 24.6 Sal 2.54 
CV**(%) 8.4 15.5 4.3 


*] = clean roots, 5 = dead plant; **CV = coefficient of variability; 
**kMeans followed by the same letter are not significantly different at 

p < 0.05 by Duncan's new multiple range test. When a mean is followed 

by more than four letters only the beginning and last letters are written: 

+First parent is female parent 
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TABLE 16 Summary of height, yield, and disease rating means 
of alfalfa seedling progenies in the second cycle 
strain test, three cycle strain test, and diallel 
strain test. 


Genotype Height % Of Yield % Of Disease % Of 
. (cm) Beaver (g) Beaver Rating Beaver 
(loo) 
Resistant TASS: 109 2eou 119 2.48 92 
Susceptible - = 20el 87 1.8 78 2.92 108 
Beaver (pasteurized 28.5 123 5.1 215 1.00 Sih 
sick soil) 
Beaver 23a 100 © aa: 100 Zoi | 100 
Mean | 23.8 2.6 2.54 


*] = clean root, 5 = dead plant 
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TABLE 17 Comparison of mean heights, yields, and performance 
ratings of alfalfa progenies in lattice strain test 
1 for 1976 and 1977. 


Genotype Height Yield Performance 
(cm) (g) Rating (5-1)* 
1976 1977 1976 1977 1976 
Resistant 
Mean 51.9 7226 294 654 3.26 
Range 43 .0-58.3 66.5-79.5 190-447 379-926 2.50-4.50 
Susceptible 
Mean 51.7 71.8 280 606 5740, 
Range 48.5-54.8 68.5-77.0 188-339 439-757 2.50-3475 
Cultivars 
Mean 48.4 7023 ercoe 608 2.97 
Range 46 .8-53.9 69.0-71.8 216-365 538-689 2.38-3.38 
Mean 51.6 1oe3 290 646 Succ 
Standard Deviation 4.6 4.3 — 89 156 0.68 
CV**(%) 6.9 4.8 Con 20.0 18.8 


*5 = productive stand, 1 = unproductive stand 
**CV = coefficient of variability 
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TABLE 18 Comparison of mean heights and yields of alfalfa 


progenies in lattice strain test 2 for 19 


1977s 
Genotype 
1976 

Resistant 

Mean 44.5 

Range 36.7-51.6 
Susceptible 

Mean 45.9 

Range 35.7-52.0 
Cultivars 

Mean 45.4 

Range 42 .7-49.0 
Mean 45.0 
Standard Deviation 8.4 
CV*(%) 10.6 


*CV = coefficient of variability 
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TABLE 19 Mean heights and yields of alfalfa progenies jin 
Strain test 1 for 1976 and 1977. 


Genotype Height Yield 
1976 en 1977 he 
Resistant 
Mean | 3320 61.4 Suid 
Range - 24.0-41 .0 53.0-72.0 140-501 
Susceptible 
Mean 34.3 612 275 
Range 26 .0-43.0 55.0-68.0 155-404 
Cultivars 
Mean 36.3 64.8 Saks 
Range 29.5-39.7 60.5-72.3 278-386 
Mean 33.7 me ely 301 
Standard Deviation ie Suc 97 
CV*(%) TG. 3 730 27 


*CV = coefficient of variability 
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TABLE 20 Height and disease rating means of alfalfa progenies 
in strain test 2 for 1976. 


Genotype Height Disease Rating 
(cm) (125) 
Resistant 
2V96 48.5 a** 2eoord 
1V12 46.0 ab 2.70 abcd 
2Vi2z 42.5 abc 2.73 abcd 
1B179 40.5 abcd 2.75 abcd 
1G169 40.0 bcd 2.60 ab 
1R188 31.8 e 2. Cored 
Mean 41.5 2.69 
Susceptible 
2BP69 44.0 abc 2.65 abc 
1BP113 42.0 abcd 2.90 d 
1GP33 41.0 bcd 2.75 abcd 
2VP98 41.0 bcd 229000 
1VP17 39.0 b 2.73 abcd 
TRP188 34.8 de 2.63 abc 
Mean 40.3 2.19 
Cultivars 
Grimm 42.0 abcd 2.035 ped 
Vernal 41.0 bcd 2.78 bcd 
Beaver 38.0 cde 2.73 abcd 
Roamer 37.5 de 2.75 abcd 
Mean 39.6 eae | 
Mean 40.6 2.74 
CV(%)*** : 10.7 5.2 


*] = clean roots, 5 = dead plant 
*kMeans followed by same letter are not significantly different 
at p < 0.05 by Duncan's new multiple range test 
**kCV = coefficient of variability 
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TABLE 22 Simple correlation coefficients of agronomic 
characters for growth room tests involving 
the alfalfa sickness pathogen. 


Growth Room Test Height Height vs Yield vs 
vs Yield Disease Rating Disease Rating 

Soil test 1 i 2 Mad NC NC 

Soil test 2 O77 38** -0.70** =0.92** 
Time of infection test NCt URS etek NC 
Inoculation test O43 ** -0.06 0.28 
Fungicide test 1 0:87** =0,/9** -0.90** 
Fungicide test 2 0..80** -0.80** -0.85** 
Strain + fungicide test 0.84** -0. 36* ; =0..52** 


*,**Indicate significance at the p < 0.05 and 0.01 levels, respectively 


+NC = one of the agronomic characters was not studied, hence no 
correlation coefficient 
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TABLE 23 Simple correlation coefficients of agronomic characters for 
growth room tests involving the alfalfa plant. 


Growth Room Test Height Height vs Yield vs 
vs Yield Disease Rating Disease Rating 


Second cycle strain test 0269=* =-O.27** -0.52** 
Three cycle strain test 0.78** -0.70** -0.78** 
Diallel strain test 0.90** -0.71** -0.86** 


*kIndicates significance at the p < 0.01 level 
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APPENDIX 2 Weather data for the field site, Spruce Grove, 
Alberta, from 1967 to 1976*. 


Year Annual Rainfal1** Mean Daily Daily Temperature 
Precipitation (cm) Temperature** (°C) ** 

(cm) (°¢) Maximum Minimum 
1967 34.9 16.3 14.6 20.4 eal 
1968 40.8 22.6 13.4 197-2 ye), 
1969 50.0 28./ 14.4 20.3 8.4 
1970 48.2 29.4 153.2 20.8 9.4 
1971 57.1 34.7 14.9 20.6 9.2 
1972 5139 29.4 14.7 20.0 9; 3 
1973 63.6 40.9 14.1 19.8 O23 
1974 52.9 30,7 3a 1758 7.9 
1975 60.2 43.1 oe 19.0 8.4 
1976 50.0 S225 14.4 19.9 9.1 
Mean 49.8 3085 14.8 19.8 8.8 


*From Environment Canada. 1967-1977. Annual meteorological summary 
for Spruce Grove, Alberta. Environment Service, Environment Canada, 


Edmonton, Alberta, Canada 
**For the months May to August inclusive 
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APPENDIX 3. Comparison of mean heights, yields, and disease 
ratings of alfalfa seedling progenies in the. 
second cycle strain test. 


Genotype Height Yield Disease Rating 
(cm) (g) 5) % 
Resistant 
2B180 29.8 226 2.04 
2R187 20.7 LF 2.79 
2V18 29 .6 Sad 2.46 
2B179 29.6 eS) 2.42 
2B183 29 .6 (Ans) 203 
2V102 29.2 ot 2.31 
2B76 28.8 (Ae | 273 
2V15 28.7 eye 2.84 
2V96 2000 4.2 2.30 
2B178 28.2 (ane 2.62 
2V11 28.1 2.6 ZT 
2V58 28.0 226 2.46 
2V59 28.0 Vad | 2630 
26173 2138 3.0 Zale 
2V8 Zhat 229 2.42 
2B75 ra ag! Zy 2.69 
2V45 A ee 2.6 Za50 
2R1 AV eye) Zor aed Hl 
2V13 27.4 - 3.0 2.54 
2V62 27.4 lag! 2.38 
2V17 Chee (apd 2.50 
2B104 27.4 2.4 Zor] 
2V94 a bios) 2.9 2.46 
2Vv10 E783 (ess) Celt 
2v12 Cie Sie | Zag 
- 24130 Che oes 2.54 
2V43 27 ae def ard ad | 
2v14 ladies ae5 2.56 
2V51 27.0 hase 2.38 
2V49 26.9 320 Cael 
2B72 26.8 2.6 3.16 
2B108 2677, 2.8 2261 
2R186 26 .6 (sts) 2.88 
26129 26 .6 2:3 esd 
2V53 2055 220 Cr27 
2V52 26.4 Beste) 2.54 
2B69A 2056 crs 2.65 
2V44A 26.1 250 1.84 
2R165 (a) Se) 275 2.58 
2B106A (Bee 2.9 2.80 
2V46 Aap 1.9 2.34 
2R86 260 2.4 2204 
2B73 25.6 (Bow (oe 5) 
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APPENDIX 3 


Genotype 


2G169 
2B24 
2V56 
2B66A 
2B111 
2R188 
2B117A 
2R66 
2R26 
2B74 
2G127 
2V99 
2B29 
2B110 
2B70 
2B6 


Susceptible 


2BP71 
2VP102 
2VP53 
2GP33 
2VP101 
2VP48 
2VP52 
2BP105 
2BP6 
2RP147 
2RP26 
2BP69 
2VP17 
2VP43 
CBP IIS 
2VP46 
2VP62 
2VP61 
2BP115 
2GP 130 
ZBRI5 
2BP153 
2VP60 


Cultivars 


Continued 


Beaver (pasteurized 


soil)** 


Height 
(cm) 
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APPENDIX 3. Continued 


Genotype Height Yieid Disease Rating 
(cm) - (g) (1-5)* 
Beaver** 24.0 2.4 2.48 
Agate*** (Al | 2.6 2.85 
LSD (0.05)+ 3:25 0.8 0.33 
CSD. OL) + 4.6 ie 0.43 
LSD (0.05) +t (ee | 0.6 0.26 
ESDet 0201 t+ 3.6 0.8 0.34 


*] = clean roots, 5 = dead plant 
**Means averaged over 8 replicates 
***kCultivar not included in the analysis of variance 
+LSD = least significant difference between means of resistant and suscep- 
tible genotypes at p < 0.05 and p < 0.01 levels, respectively 
++LSD = least significant difference between means of resistant, suscep- 
tible, and cultivar genotypes at p < 0.05 and p < 0.01 levels, respectively 
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APPENDIX 4 Comparison of mean heights, yields, and 
performance ratings of alfalfa progenies 
in lattice strain test 1 for 1976 and 1977. 
Genotype Height Yield Performance 
(cm) (g) Rating (5-1)* 
1976 1977 1976 1977 1976 
Resistant 

2B66A 56.3 TIAG 388 730 4.25 
2V96 Syne 7-0 439 toll 4.00 
1B24 56.0 fo O 354 794 4.00 
2B29 56.5 7355 317 689 eae hs) 
1B29 56.0 Tkovals 354 824 4.00 
2R163 56.0 1Ve.5 447 763 4.00 
2V100 5b.o Tlie 403 582 S250 
TB07 Sono (haya) 294 74] S225 
2V15 os) A! 16.5 344 703 350 
2B 106 5553 yAs abs) 367 684 4.00 
W15 Se: 7325 350 554 Sse) 
2V6l1A 5. 0 13,0 £97 608 Shay AS 
V1] 54.5 15.5 314 631 300 
1V57 54.5 Tae 446 602 3.00 
2V19 54.5 69.5 330 lly? Sco 
2V48A Gy ge: {520 365 724 4.00 
2V7 54.0 74.5 286 613 3. 00 
[Heyes 54.0 73.0 437 802 Sais) 
2B76 53.8 hil 310 858 Selo 
2R86 BiSingte' 1205 Eieifh 705 3.00 
1B110 5320 15.9 304 857 3.00 
2V99 53.0 72.0 330 TANS: hg Ae 
2B115 eS) 16.5 240 682 3.00 
1V41 SG: 76.0 288 677 3.50 
1V49 5303 (fee 338 793 B00) 
2B6 Ses 72..0 356 648 4.00 
2V61 53... 3 7 | O\ete 295 S15 Seo 
1v9 53.0 74.3 555 720 3.25 
2V102A Hor U 70.0 305 585 SOU 
2V94 52.8 74.0 247 613 Says) 
2B115A SZe0 76.0 coc 708 Bigs 
2V42 Oa 73.0 285 681 3225 
2V10 52.8 TAS) 276 589 Shy 
1R26 520 15.0 he 639 3.00 
2V17 aro Eh ys) 294 672 Seco 
2G169 eyes 69.0 250 706 S45) 
2V13 52.3 7320 333 842 BEOU 
1B108 52.20 78.0 Ge 729 Bey 
1G130 5ZU dale 247 628 eye 

yf es) T70 256 727 3200 
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APPENDIX 4 Continued 
Genotype Height Yield Performance 
(cm) (g) Rating (5-1)* 
1976 1977 1976 1977 1976 
1B109 51.8 74.5 268 674 3.50° 
1B69 51.8: 43..5 . 369 627 Selo 
Wiz Did 74.5 296 718 3.00 
1WV17 B55 72.0 292 536 3.00 
2V60A oy es) 69.0 267 424 3.00 
2V14 Sil 67.0 194 399 Zoho 
1G127 54:23 72.0 314 673 3.00 
1B179 Sly. 3 25 258 606 3.20 
2V56 Sh.3 68.0 278 550 3.00 
2B151 ot.0 76.0 266 759 cayae 
2B75 51.0 75.0 256 780 Beco 
2B183 51° 0 f2.0 309 125 6 yAS) 
2V49A 51.0 w.5 329 692 3.20 
1V102 51.0 F155 298 600 3.00 
1B104 51.0 68.5 Z0e 555 3.00 
2R165 50.8 69.5 285 600 3.00 
2R187 5025 16.5 305; : 926 3.90 
2R26 SUES 73.5 24] 690 3.00 
2V62 5025 f2co 310° 642 3.00 
1V8 50RD VARY 226 582 3.00 
1V51 505 66.5 205 4 48] 2.50 
1B74 50.3 72.0 237 583 3.25 
2V51A 50.0 68.5 324 592 3520 
2V49 50.0 68.0 245 503 BOS 
2V46 49.8 1325 191 513 25/5 
1B70 49.8 73.0 259 802 3.20 
2R146 49.8 70.5 259 547 3.00 
1V46 49.8 70.0 28] Sf Z2e715 
2V58 49.8 6/5)" 242 615 3.00 
1G169 49.5 7250 289 785 350 
~2R30 49.5 71,5 251 581 Lhe) 
1B150 49.3 Talines ® 266 658 BAS 
2V100A 49 .3 15 248 (55 3.00 
2V48 49.0 70.0 269 578 Bete 
2V59 48.8 68.0 198 538 Beate 
1R147 48.5 Leo 254 635 3.00 
2V12 48.3 70.0 210 446 2.50 
2B23 48.0 71.0 287 628 3.00 
1R165 46.5 LO 27) 802 3.00 
2B113 45.0 10.5 fos 620 2750 
2B70 44.3 67.0 190 553 Za00 
2R148 43.0 AisD 294 678 2.50 
Susceptible 
2BP113 54.8 TI. 308 692 Shaye) 
TRP159 54.0 7520 339 15) YAS 
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APPENDIX 4 Continued 


Genotype Height Yield Performance 
(cm) (g) Rating (5-1)* 

1976 (me 1976 1977 1976 
1VP62 53.20 70.5 276 627 325 
1BP113 527.5 1350 288 : 587 3250 
2BP69 oy gees) 70.0 318 59] 3.50 
1GP33 623 7025 314 651 Singhs) 
1GP 130 50.5 68.5 188 450 245 
1TRP188 49.5 69 .0 288 585 2.90 
1VP9 49 .3 Van0 281 678 VATS 
WR 17: 48.5 7255 200 439 3300 

Cultivars 

Vernal** 5339 7128 365 689 3.38 
Roamer** 48.9 69.0 230 584 2.38 
Beaver** 47 .3 7130 219 623 Seis 
Grimm** 46.8 69.5 216 538 3.00 
ESDs(.0:05)+ 4.9 4.9 103 179 0.80 
ESO.60.01) + 6.5 6.4 135 236 1.05 
ESD2C0.05) tt 4.3 4.2 89 155 0.70 
ESD.0..01) +4 5:6 525 17 204 0.91 


*5 = productive stand, 1 = unproductive stand 
*kMeans are average of 8 replicates 
+LSD = least significant difference between means of resistant and sus- 
ceptible genotypes at p < 0.05 and p < 0.01 levels, respectively 
+tLSD = least significant difference between means of resistant, suscep- 
tible and cultivar genotypes at p < 0.05 and p < 0.01 levels, respectivel 
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APPENDIX 5 


Genotype 


Resistant 
2B183A 
1V61 
1V43 
1V44 
2V8 
1420 
2V99A 
2V44A 
1635 
2V102 
2V50 
2V62A 
1B182 
1R146 
2R137 
2V47 
1V45 
1B178 
24129 
2V52A 
2B104 
164 
1G157 
1V16 
2G158 
1R137 
2V11 
1G177 
1B151 
2B76A 
TR145 
2R88 
2B155 
1V18 
1R188 
1B181 
24173 
1V59 
1R32 
1R25 
1R83 
1637 


Height and yield means of alfalfa progenies 
in lattice strain test 2 for 1976 and 1977. 
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Yield 
(g) 
1977 


372 
262 
346 
306 


361 


396 
360 
S37, 
291 
405 
392 
372 
314 
330 
358 
Sg 
321 
363 
323 
343 
BGS 
351 
3/1 
342 
Bod 
338 
230 
288 
348 
263 
251 
308 
296 
262 
324 
308 
319 
223 
357 
295 
256 
266 
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APPENDIX 5 Continued 


Genotype Height Yield 
(cm) (g) 
1976 1977 1977 
Susceptible 
2BP 155 5200 72.8 SEL. 
- 2VP98 5 hei2 67.4 305 
1VP100 50.6 69.9 357 
1GP34 BOM 675/ 291 
2BP 105 50.0 73.9 526 
2GP 33 50.0 69.9 376 
1VP17 49.2 68.7 289 
2VP53 48.9 Tux 439 
2VP54 48.1 65.9 210 
2VP55 47.1 68.1 383 
2VP96 45.9 72.4 432 
2VP14 45.8 66.1 342 
1VP58 4502 64.7 2i2 
1BP151 44.5 65.4 329 
2GP 130 44.2 64.5 284 
2GP34 44.0 66.0 338 
2VP43 43.9 66.3 268 
2VP42 42.1 68.5 300 
1BP70 41.1 64.8 298 
1GP 133 40.6 6527 256 
1G@P127 39e7 66.0 (A 
1GP21 ey) 60.7 225 
Cultivars 
Vernal* 49.0 69.3 34] 
Beaver* AGES TORZ 395 
Grimm* 44.6 67.2 348 
Roamer* 42a] 67.0 309 
LSD (0.05)+ 6.6 5.6 125 
LSD (0.01)+ 8.7 ies 164 
BSDiaCO. ate Sal 4.8 108 
LSD (0.01) ++ heb 6.4 143 


*Means averaged over 8 replicates 
+LSD = least significant difference between means of resistant and suscep- 
tible genotypes at p < 0.05 and p < 0.01 levels, respectively 
++LSD = least significant difference between means of resistant, susceptible 
and cultivar genotypes at p < 0.05 and p < 0.01 levels, respectively 
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APPENDIX 6 Mean heights and yields of alfalfa progenies in 
strain test 1 for 1976 and 1977. 


Genotype Height Hay 
g 
1976 1977 1977 
Resistant 
2V56A : 4] 72 460 
1V13 4] 68 412 
2V53 40 70 373 
2V51 40 65 470 
2V46A 40 62 325 
1V93 40 61 269 
1V19 39 72 360 
2B111 39 66 344 
2B75A 39 - 765 442 
1V50 39 65 411 
2V45 39 64 335 
1V54 38 68 259 
2B72 38 63 375 
“VW52 38 61 336 
14192 37 66 : 357 
2V94A 37 63 337 
2B110 36 69 48] 
2B74 36 68 451 
2V101 36 63 226 
2V95A 36 61 237 
2B67 36 7559 269 
1V14 36 57 140 
1R30 © 35 65 287 
1B66 35 64 | OFT 
1R90 35 63 310 
2V45A 30 ~ 60 306 
1V53 Bie) 58 245 
2B 108A 34 70 434 
1V96 34. 64 376 
1V97 34 64 yall 
1690 34 61 328 
2B73 34 61 313 
14129 “34 59 258 
1B67 33 68 501 
2R186 30 64 416 
14134 33 62. 328 
1v99 33 59 252 
1634 33 58 331 
2B74A 32 68 398 
1R82 Poe 64 317 
2B185A 32 59 345 
14133 32 59 282 


2R159 32 59 262 


~*~ yea 


> ro : 
PAC 18 Oo 8 OS re 


te 


- 


_ 


teseacav 


ar 


we 


= 


= 


APPENDIX 6 


Genotype 


1B184 
1V100 
1G126 
1R148 
1B113 
14171 
1G28 
16189 
1R84 
1G27 
2B112A 
1B111 
1G174 
2G193 
1R163 
1B72 
1B155 
16131 
1V10 
1R88 
1B23 
1R144 
1@175 
1B153 
1B180 
16173 
1@132 
1B68 
1R31 
1R139 
1G158 


Susceptible 


1VP47 
1VP49 
2BP6 
1BP67 
1VP99 
2BP67 
1GP129 
1BP75 
2VP49 
1vP42 
1VP8 
1VP51 
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Height Yield 
cm) (g) 
1976 1977 1977 
32 58 320 
32 55 160 
3] 63 292 
Si 61 380 
3] 61 301 
31 60 295 
31 58 282 
31 55 203 
30 63 218 
30 62 34] 
30 61 314 
30 59 282 
30 59 255 
30 54 203 
29 63 301 
29 62 256 
29 60 263 
29 oF 23h 
29 53 147 
28 64 S75 
28 60 308 
28 59 387 
28 59 315 
28 57 204 
28 56 169 
27 58 342 
27 56 224 
25 59 251 
25 56 hal 
24 58 227 
24 55 Zoe 
43 68 334 
40 63 221 
39 67 348 
39 64 284 
39 62 278 
38 68 404 
38 64 345 
38 61 235 
Pes 66 357) 
Si 64 266 
37 63 288 
37 59 201 
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APPENDIX 6 Continued 


Genotype Height Yield 
cm) g 
1976 1977 1977 
1VP60 37 55 (Wa « 
2RP 147 36 62 300 
1VP16 36 61 220 
2BP7/5 35 66 299 
2BP71 35 64 361 
TRP165 35 63 236 
2VP61 35 61 325 
1GP4 35 61 230 
1GP28 35 56 28/7 
TRP31 ) 34 61 346 
1BP179 33 66 356 
1VP50 a6 58 239 
1GP192 31 60 296 
1BP183 3] 59 237 
1GP126 30 61 308 
1GP132 30 61 288 
1VP19 30 55 155 
1VP57 29 57 274 
TVP15 29 56 256 
1RP86 28 59 234 
1GP20 28 58 205 
TRP1 27 55 198 
1RP62 26 59 214 
Cultivars 
Vernal* 40 64 291 
Beaver* 39 72 386 
Agate* 37 61 278 
Roamer* 34 64 288 
Grimm* 30 61 309 
LSD (0.05)+ bn 6.0 1S) 
ESD: (0-01) + 13 8.0 152 
LSD (0.05)++ 4.8 Bac 100 
LSD (0.01) ++ 6.3 6.9 132 


*Means averaged over 4 replicates 

+LSD = least significant difference between means of resistant and suscep- 
tible genotypes at p < 0.05 and p < 0.01 levels, respectively 

++LSD = least significant difference between means of resistant, susceptible 
and cultivar genotypes at p < 0.05 and p < 0.01 levels, respectively 
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